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MEETING OVERVIEW

The Stock Assessment Review Committee
(SARC) Meeting of the 17th Northeast Regional
Stock Assessment Workshop (17th SAW) was
held during 29 November - 4 December 1993 at
the Northeast Fisheries Science Center, Woods
Hole, Massachusetts. Dr. Vaughn Anthony
(NEFSC) chaired the 14-member SARC (Table 1}.
Two SARC members were from outside the region
(Seattle, Washington and Canada). Nearly 30
other individuals also attended (Table 2). The
agenda for the meeting is presented in Table 3.

OPENING

The Chairman reviewed the current SAW struc-
ture (Figure 1) and functions of the SAW Steering
Committee (Table 4), clarified the responsibilities
of the SARC and its Subcommittees (Table 5), and
discussed how he planned to conduct the meet-
ing. He reviewed the SAW documentation and
when material would be due. In addition to
carefully reviewing the species/stock assess-
ments, the SARC would produce a “Consensus
Summary of Assessments” document (SARC Re-
port), that would include research recommenda-
tions for each species reviewed, designate any
materials for publication, draft an “Advisory Re-
port on Stock Status” (Advisory Report) for man-
agers, and review the terms of reference for the
Assessments Methods Subcommittee.

The Chairman reviewed the responsibilities
of the Subcommittee chairs, rapporteurs, and
the editor of the Advisory Report (Terry Smith), as
well as the responsibilities of the SARC Leaders.
The Subcommittee chairs are responsible for the
presentation of assessments, selection of
rapporteurs for Subcommittee reports, the first
draft of their section of the SARC Report, and the
tirst draft of the Advisory Report (especially tables
and figures). The rapporteurs are responsible for
both drafts of the SARC Report, including re-
search recommendations, and the first draft of
the Advisory Report. The editor is responsible for
two drafts of the Advisory Report. SARC leaders
were designated to ensure that the final docu-
ments appropriately reflect the consensus of the
SARC. The SARC Leaders would work with
Rapporteurs to develop the final draft of the
SARC Report and with Terry Smiih and
Rapporteurs to develop the final draft of the
Advisory Report. The Leaders would also make
sure that all research recommendations for as-
signed species would be properly documented.
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Table 1.8AW-17 SARC composition

Chair NEFSC Chief Scientific Advisor
Vaughn Anthony

Four ad hoc assessment members chosen
by the Chair

Frank Almeida
Kevin Friediand

Steve Murawski
Fred Serchuk

One person from NMFS Northeast Regional Office
Pete Colosi

One person
from each Regional Fishery Management Council
Andy Applegate, NEFMC Tom Hoff, MAFMC

Atlantic States Marine Fisheries Commission
/State personnel

Lisa Kiline, ASMFC
Steve Correia, Massachusetts
David Simpson, Connecticut

One scientist from:

Canada M. Christina Annand
Department of Fisheries and Qceans
Academia John Boreman, UMA/NOAA CMER

Other Region Grant Thompson, AKFSC

The SAWs Coordinator is responsible for the
organization and overall coordination of the meet-
ing, meeting materials, and meeting reports. The
Coocrdinater also drafts the meeting overview and
other business section of the SARC report.

To insure that all procedures and timing were
well understood, the SARC Chairman tabled a 20
page document concerning the above topics.

AGENDA AND REPORTS

The SARC agenda included nine species/
stocks (seven first priority and two second prior-
ity) and the terms of reference for the Assess-
ments Methods Subcommittee. Reviewed were
analyses for two stocks of silver hake (Gulf of
Maine - Northern Georges Bank and Southern
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Table 2. List of all participants

National Marine Fisheries Service
Northeast Fisheries Science Center

Frank Almeida
Vaughn Anthony
John Boreman
Jon Brodziak

Ray Conser _
Kevin Friedland
Wendy Gabriel
Ruth Haas-Castro
Dan Hayes

Tom Helser

Lisa Hendrickson
Joseph Idoine
John Kocik
Marjorie Lambert
Ralph Mayo

Tom Morrissey
Steve Murawski
Helen Mustafa
Loretta O'Brien
Bili Overholtz
Paul Rago

Anne Richards
Fred Serchuk
Terry Smith
Katherine Sosebee
Mark Terceiro
Jim Weinberg

Northeast Regional Office

Peter Colosi

Office of Research and Environmental Information
Andy Rosenberg

Alaska Fisheries Science Center

Grant Thompson

Mid-Atlantic Fishery Management Council

Tom Hoft

New England Fishery Management Council
Andrew Applegate
Atlantic States Marine Fisheries Commission

Lisa Kline

.Connecticut Department of Environmental

Protection

Dave Simpson
Vie Creco

Massachusetts Division of Marine Fisheries
Steve Cadrin

Steve Correia

Tom Currier

Jessica Harris

Arnold Howe

Dan McKierman

David Pierce

New York Division of Marine Resources
John Mason

Rhode Island Division of Fish and Wildlife
Mark Gibson

Department of Fisheries and Oceans, Canada
Chris Annand

Conservation Law Foundation

Eleanor Dorsey

East Coast Fish. Association

Erling Berg

F/V Flicka, F/V Dyrsten

Lars Axelsson

Georges Bank - Middle Atlantic), Southern New
England yellowtail flounder, bluefish, butterfish,
and long- and short-finned squid. Time, how-
ever, was insufficient to allow a review of the
second priority species. A chart of 1S, commer-
cial statistical areas used to report landings in
the Northwest Atlantic is presented in Figure 2.

Analyses were submitted to the SARC in the
form of Subcommittee Reports developed in a

series of meetings (Table 6). Material from Sub-
cominittee reports form the basis of this report.
In addition, the SARC reviewed separate working
papers containing detailed supporting material
for the Subcommittee reports. Five of the work-
ing papers reviewed were recommended for pub-
lication in the NEFSC Reference Document se-
ries {(Table 7).

In addition, the SARC prepared a draft Advi-
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Table 3. Agenda [or the 17th Nertheast Regional Stock Assessment Workshop (SAW-17), Stock Assessment
Review Cornmitiee (SARC) Meeting

Woods Hole, Massachusetts
November 29 - 4 Decex_nber 1993

AGENDA
Monday, November 29 (9:00 AM - 6:00 PM)
Opening Chairman, V. Anthony
Welcome
Agenda
Conduct of meeting
Assessment Methods Subcommittee R. Conser

Review Terms of Reference from SAW-16

SPECIES/STOCK SUBCOMMITTEE RAPPORTEUR SARC LEADER & PRESENTER
First Priority
Silver Hake No. Demersal
GoM-NGE (A) R. Mayo J. ldoine G. Thompson
SGB-Mid-Atl (B) J. ldoine G. Thompson
Tuesday, November 30 (9:00 AM - 6:00 PM)
Yellowtail Flounder So. Demersal
So. New England (C) W, Gabriet P. Rago K. Friedland
Bluefish (D) Pelagic/Coastal

" M. Terceiro J. Kocik/L. Kline
Review available report sections (SARC and Advisory Reports)

Wednesday, December 1 (3:00 AM - 6:00 PM)

Butterfish (E) Invertebrate
J. Brodziak J. Weinberg/T. Hoff
Squid Invertebrate
Long-finned (F) J. Brodziak A. Richards J. Boreman
Short-finned (G) A. Richards C. Annand

Review available report sections (SARC and Advisory Reports)

Thursday, December 2 (3:00 AM - 6:00 PM}
Review all sections of the SARC and Advisory Reports {1st priority)
Complete SARC Report sections
Complete Advisory Report sectionsEditor, T.P. Smith

Friday, December 3 (9:00 AM - 6:00 PM)

Second Priority
Cod No. Demersal

Georges Bank (H) R. Mayo G. Shepherd P. Colosi
Yellowtail Flounder So. Demersal

Georges Bank (F) W. Gabriel P. Rago A. Applegate

Review 2nd priority sections (SARC and Advisory Reports)
Assessment Methods R. Conser
Subcommittee
Terms of Reference {J)
Complete SARC Report sections
Complete Advisory Report sectionsEditor, T.P, Smith
Saturday, December 4 (9:00 AM - 6:00 PM) IF NECESSARY

Finalize sectiens of SARC and Advisory Reports
Complete any other unfinished business
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sory Report on Stock Status for the species/
stocks reviewed. Information in the Advisory
report was compiled according to the format
approved by the SAW Steering Committee. The
draft Advisory Report will be provided to the
Steering Committee two weeks prior to the SAW

Plenary Meeting scheduled to be held on 24 - 25

January 1994, in conjunction the Mid-Atlantic
Fishery Management Council meeting in Ocean
City, MD. The final version of the Advisory Report
will be included in the Report of the 17th SAW
Plenary {NEFSC Reference Document 94-07).

GENERAL DISCUSSION
HIGHLIGHTS :

Assessment Methods

The SARC thoroughly discussed the terms of
reference for the Assessment Methods Subcom-
mittee. The summary on pages 121 - 122 of this
report is based on that discussion. As the ADAPT
framework is adaptive t¢ a variety of data on
particular species and has a central role in age-
based assessments performed in the region, it is
critical to convene an ADAPT tutorial to explain
the method and use of the program to all who may
wish to use it. Members of state fisheries organi-
zations, in particular, should participate in the
tutorial. The NEFSC should take the responsibil-
ity to convene the tutorial, as it would not be
productive to have this activity among the terms
of reference of the Assessment Methods Subcom-
mittee. It was agreed that the documentation of
some basic version of the ADAPT software should
be a *high priority” and recommended that the
Assessment Methods Subcommittee specify what
should be included in a standard user-friendly,
version of the software so that action could be
taken to develop such a package as soon as
possible,

Silver Hake

The silver hake assessment addressed the
juvenile fishery in addition to the stated terms of
reference. However, the analyses, for both the
southern and northern stocks, were plagued by
a number of problems which are reflected in the
research recommendationns. Some of these rec-
ommendations must be met in order to make
progress in the assessment of these stocks.

Peer Review
Move Aigessment Keuters Commurize

SARC

Stock Assessment
Woarkshops

Advice
SAW Plorary

'

Managers
Inddusuy

Assessments { SAWs )

Ipecsar Subcommtitters

Direction £ Quality Control
S U Segemterg | ompenttrer

Government

Figure 1. SAW structure.

Bluefish

Only three out of five of the terms of reference
for bluefish were met. Although several ap-
proaches to the assessment of bluefish were
discussed at the Subcommittee level, none was
tabled for SARC review. After considerable de-
bate, it was concluded that it would be worth-
while for the Subcommittee to meet once again to
try to develop an agreed-upon assessment before
the Pienary Meeting. This Subcommittee had
met twice already (see Table 6) but, after discus-
sion, members felt that considerable progress
could be made, given one more meeting. Such a
meeting in the midst of a SAW process is an
exception to the procedure developed by the
Steering Committee. To guarantee joint assess-
ment and solid peer review, however, the Steering
Committee did agree that another meeting should
be held, because of the importance of the bluefish
at this time and the promise of success made by
the scientists. The Pelagic/Coastal Subcommit-
tee met at Woods Hole on 5 January and a special
SARC meeting was arranged for 11 January
1994, The scientists could not agree, however,
even on the basics of an assessment and the
special SARC meeting was canceled.

Yellowtail Flounder

A new diagnostic approach and smoothing
procedure were implemented in the assessment
on Southern New England yellowtail flounder. A
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Table 4. Steering Committee functions

Attend the SAW Plenary and discuss management advice

Set priorities for review of the 48 stocks in the region, allocate resources (people and fundmg] and oversee
the assessment and advice process

Select species/stocks to review at the next SARC

Set terms of reference for assessments

Set dates and places for SARC and SAW Plenary meetings

Evaluate sufficiency and style of SARC Advisory Reports and additional communication required

Set Subcommittees in force and funectioning

Table 5. Clarification of responsibilities of the SARC and its Subcommnittees as well as the SARC procedure in

general

Subcommittee reports should be drafted as sections for the SARC Report, to be approved by the SARC.

Subcommittee working papers should be forwarded to SARC members two weeks before the SARC
meeting. More lead time may be needed for SARC members not familiar with specific species under
review. '

Relative to Subcommitiee workloads, in addition to the species terms of reference, the general guidance
is to do what can reasonably be done on the basis of a "normal” workday. The Steering Committee is not
always the best judge as to how much work is involved or how to handle the workload.

As the SARC is responsible for all assessment advice, the review of details is contingent on the particular
assessment.

If there is no indication that stock status has changed from a previous assessment, or is not about to
change, then the SARC could report this as the only advice for that stock.

Subcommittees should submit all tables and figures required for the Advisory documerit in the standard
format.

It is not desirable for Rapporteurs to be SARC members, Rapporteurs from outside the SARC (NEFSC
or states) may be appointed to allow the SARC members to fully participate in all SARC discussions.
Although Rapporteurs use their ability to interpret, SARC members make the final judgement., An
additional Rapporteur (editor) will coordinate the production of the Advisory Report to assure continuity
from stock to stock within the agreed-upon format.

detailed description of the approach and meth-
ods can be found in the Northeast Fisheries
Science Center Reference Document 94-02.

Squid
Recent research on the age and growth of

long-finned (Loligo) squid indicates that the life
span of the species is less than one year. Unlike

previous assessments, which assumed a longer
life span, the assessment of this specles was
based on the new findings. For short-lived spe-
cies such as long- and short-finned squid and
butterfish. the SARC concluded that a real-time
assessment/management system should be con-
templated to ensure that adequate levels of spawn-
ing stock are achieved for these species. A Plan
Development Team approach was suggested for
the development of such a system. In connection



Figure 2. U.5. comumnercial statistical areas used to
report landings in the Northwest Atlantic.

with this issue, the Report of the Working Group
on Methods of Fish Stock Assessment {ICES
1993) was summiarized for the SARC’s informa-
tion. The ICES report provides examples of
successful assessment and management proce-
dures for short-lived species.

General

Several other items, common to a number of
species, were noted during the meeting:

& As sea sampling data are used for discard
estimation, it was suggested that the SARC
address the issue of sea sampling coverage
generically, for all species, rather than on the
species by species basis. This would, most
importantly, involve a formal examination of
the sea sampling survey design.

® The age structure approach to developing
assessments was discussed in connection

with at least two species before the SARC.

The method requires much more complete
biclogical data base than is currently avail-
able for these species, so attention shouid be
paid to the caveats in the reports.

'CRD 94-03

Table 7. NEFSC Reference Documents associated
with the 17th Northeast Regional Stock

Assessment Workshop (17th SAW)

Number Title/Author{s)

CRD 94-01 Estimation of Discardsin the Silver Hake
Fisheries and its {mplications on the
Long-Term Yield of the Stocks
by T. Helser and R. Mayo
Assessmeni of Yellowtail Flounder
Pleuronectes ferrugineus, 1993

_hy P. Rago, W. Gabriel, and M. Lambert
Stock Assessment of Atlantic Butterfish,
Peprilus triacanthus, in the Northwest
Atlantic During 1992
by J. Brodziak
Stock Assessment of Long-Finned
Squid, Loligo pealei, in the Northwest
Atlantic During 1992
by J. Brodziak
Stock Assessment of Short-Finned
Squid, Illex ({llecebrosus, in the
Northwest Atlantic During 1992 by J.
Brodziak _

Report of the 17th Northeast Regional
Stock Assessment Workshop, Stock
Assessment Review Commiitee
Consensus Summary of Assessments
Report of the 17th Northeast Regional
Stock Assessment Workshop, The

Plenary

CRD 94-02

CRD 94-04

CRD 24-05

CRD 94-06

CRD 24-07

® In some cases, major assessment difficulties
were directly related to the fact that the
ADAPT framework was not accessible to most
assessment scientists outside NEFSC. This
emphasized the point that an ADAPT tutorial
is badly needed along with the development
of user-friendly ADAPT software.

® Compatible management, in addition to co-
operative research, with Canada was recom-
mended for transboundary species such as
silver hake and short-finned squid.

® Some meeting participants indicated con-
cern about how the transfer of the Statistics
Program from NEFSC to NERO would aifect
stock assessments since the program plans
to stop biological sampling at the ports.

Two fishermen attended the meeting and
contributied to discussion of butterfish and the
squids. _

The timing of and species to review at SAWs
18 and 19, as well as the conduct of SARC
meetings was discussed. These discussions are
summarized under other business.
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Table 8.Subcommittee Meetings, participants, and analyses prepared

Subcommittee/ Meeting Date(s) and Places(s) Analyses Prepared
Participants :

Northern Demersal 8 - 12 November 1993 Silver hake
. Appiegate, NEFMC Woods Hole, MA {2 stocks)
. Hayes, NEFSC GB Cod
. Helser, NEFSC

Hoff, MAFMC

Mason, NY DEC

. Mayo, NEFSC (Chair)

(O'Brien, NEF5C

. Serchuk, NEFSC

. Sosebee, NEFSC

. Wigley, NEFSC

LERErNFSS D e

Southern Demersal 2 - 5 November 1993 Yellowtail Flounder
A. Applegate, NEFMC Woods Hole, MA {2 stocks)
R. Conser
W. Gabriel {Chair)
M. Lambert
P. Rago

Pelagic/Coastal 25 - 26 October 1993 _ Bluefish
J. Buckler, SUNY Old Lyme, CT
V. Crecco, CT DEP
M. Gibson, RI DFW 16 November 1993
D. Hayes, NEFSC - 0Old Lyme, CT
C. Moore, MAFMC
S. Murawski, NEFSC (Chair)
W. Overholtz, NEFSC
J. Ross, NC DMF
L. Rugola, MD DNR
M. Terceiro, NEFSC

Special Meeting 5 January 1994
V. Crecco, DT DEP Woods Hole, MA

M. Gibson, RI DFW

C. Moore, MAFMC

W. Overholtz, NEFSC

F. Serchuk, NEFSC (Act. Chair)
T.P. Smith, NEFSC

M. Terceiro, NEFSC

Invertebrate 27 - 29 October 1993 Long-finned squid
J. Brodziak, NEFSC Dover, DE Short-finned squid
T. Hoff, MAFMC Butterfish

A. Lange, MD DNR

R. Seagraves, MAFMC

F. Serchuk, NEFSC (Chair)
J. Weinberg, NEFSC
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SILVER HAKE
A. GULF OF MAINE-NORTHERN GEORGES BANK STOCK
B. SOUTHERN GEORGES BANK-MIDDLE ATLANTIC

TERMS OF REFERENCE

The following terms of reference were ad-
dressed:

a. Update the analytical assessments of the
Gulf of Maine-Northern Georges Bank and
Southern Georges Bank-Middle Atlantic sil-
ver hake stocks through 1992. If possible,
include estimates of discards in the catch-at-
age matltrix,

b. Evaluate catchability differences for silver
hake between the '36 Yankee' and '41 Yankee'
survey trawls, and determine the most appro-
priate conversion factor between the two nets.
Standardize the spring survey indices and
use the standardized indices in the VPA tun-
mg.

¢. Provide any new information on the natural
mortality rate of silver hake, with reference to
whether the natural mortality rate used in
previous assessments (M=0,40) is still rea-
sonable.

d. Review past biclogical reference points.

e. Examine the effects of a newly developed
fishery on juvenile silver hake (< 18 cm).

OVERVIEW

The silver hake stocks off the northeast coast
of the United States have followed a trajectory
typical of fish stocks that have been heavily
exploited. Before 1960, silver hake fishery was
exploited only by U.S. fleets. Exploitation inten-
sified with the arrival of distant-water fleets (DWT)
in 1962, and stock biomass declined sharply
between 1965 and 1970. Total international
landings fell by the late 1970s to historic lows. In
addition, the age composition became highly
truncated teo younger ages: from a fishery whose
landings were dominated by ages 3 to 5 with ages
up to 10 years, to one in which more than 64
percent of the landings comprised age 2 to 3 fish.

While DWF fishing activity for silver hake in

U.S. waters was either greatly reduced or ceased
altogether by the late-1970s, U.S. landings have
not increased and remain at low but stable levels
compared to earlier years of the fishery. A small-
mesh fishery, restricted seasonally: (June through
October) and spatdally (SA 522), has been con-
ducted over an area of northern Georges Bank
known as Cultivator Shoals. Provisions int Amend-
ment 4 of the Multispecies Fishery Management
Plan (FMP) allow the use of small mesh in a region
that has minimum mesh size restrictions of 5.5
in. More recently, a “juvenile whiting” fishery
has developed for small silver hake as an export
product to Spain and Portugal. Unlike the 1.5,
whiting market, where product demand is for
larger silver hake (age 2 and 3), the export market
demand is for small silver hake (7 to 9 in.)
presumably in their first or second year of life. By
exploiting younger ages of fish in the stocks the
question of concern to management focuses on
the affects of a “juvenile whiting” fishery on the
long-term yield of the silver hake stocks. Be-
cause discards in the domestic silver hake fish-
ery may be significant (Anderson 1975) an impor-
tant consideration deals with estimating the se-
lection pattern of the cuurent fishery {total catches)
and determining whether a directed fishery for
smaller silver hake increases the selectivity to-
wards younger ages. Simultaneously, we consid-
ered whether increased effort and, therefore, fish-
ing mortality will likewise be directed into this
emerging fishery.

The silver hake population in U.S. waters is
presently assumed to comprise two major stocks
(Figure AB1): 1) Gulf of Maine-Northern Georges
Bank (Div. 5Y; 5Ze, SA 521-522, 561) and 2)
Southem George Bank-Middle Atlantic (Div. 5Z¢,
SA b25-526, b62; Div. 5Zw, BA-6C). These stock
definitions represent a change from assessments
prior to 1987 and are based on research bottom
trawl surveys, U.S. and distant-water fleet com-
mercial fishery statistics, and morphometric data
collected during bottom trawl surveys in 1978-
1979 {Almeida 1987). Other studies suggest
similar distinctions between silver hake popula-
tions in the northern and southern regions of the
northeast U.S. continental shelf, but have placed
the dividing line further south (Conover et al.
1961; Konstantinov and Noskov 1969). Although
the present definition is generally accepted, it is
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Stock definition of the Gulf of Maine-
Northern Georges Bank and the
Southern Georges Bank-Middle Atlantic
silver hake population in U.S, waters.

Figure AB1.

unlikely that these stocks are reproductively
isolated nor is it known to what extent exchange
between the two stocks occurs.

Juvenile and adult silver hake distributions
from U.S. research vessel surveys during 1982-
1992 (Figure AB2) suggest that silver hake may
seasonally migrate across the presently assigned
stock boundaries. Distributions vary seasonally
by size/age and probably in response to hydro-
graphic changes. During the spring, dense con-
centrations of juveniles are observed on northern
Georges Bank and in the Gulf of Maine just east
of Cape Ann, while during the autumn they are
widely distributed over all of Georges Bank. Also
during the spring, large concentrations of adults
occur along the continental slope of the south-
eastern rim of Georges Bank. Distributions shift
significantly by the autumn; the large concen-
trations of adults, formerly on southern Georges
Bank. are absent and adults appear in significant
numbers on northern Georges Bank and in the
Gulf of Maine (Figure AB2). In addition, silver
hake show a general northward movement from
the southern and middle Atlantic into southern
New England waters which occurs during the
summer and autumn. Thus, it may be equally
likely that silver hake migrate across Georges
Bank.
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The impact of the boundary used to separate
the northern and southern silver hake stocks an
the respective landings at age matrices is great-
est in the area of the Cultivator Shoals fishery on
Georges Bank. In this area of likely mixing
between the northern and southern stocks, all of
the catch is allocated to the northermn stock under
the present definition. Therefore, it may be
important to investigate further the question of
where to divide the stocks or whether the stocks
can be assessed as one unit.

A. GULF OF MAINE-NORTHERN
GEORGES BANK STOCK

The Fishery

Commercial Landings

Before 1955, silver hake in the Guif of Maine
and Georges Bank were only lightly exploited.
Between 1955 and 1961, an “industrial fishery”
developed in Southern New England and land-
ings of silver hake increased, averaging 62,000
mt, most of which was taken from the Gulf of
Maine-Northern Georges Bank Stock (Table Al).
Exploitation intensified between 1961 and 1965
with the arrival of the DWF (principally the USSR},
and total international landings increased to
historic highs, reaching 94,500 mt (Figure Al).
Total international landings from the Gulf of
Maine-Northern Georges Bank stock subse-
quently declined to a time series low of 3,400 mt
in 1979. Since the late 1970s, silver hake have
been taken exclusively by U.S. vessels and land-
ings have been fairly stable but at low levels
compared to earlier years of the fishery, averag-
ing 6,000 mt.

Totalcommeercial landings in 1992 were 5,302
mt, 12% lower than reported in 1991 and 17%
lower than 1990 (Table Al). Short-term trends in
U.S. landings betweern 1980 and 1992 show a
steady increase to 8,500 mt in 1986, but a decline
in more recent years, approximately 37%, be-
tween 1986 and 1992.

Recreational Fishery
No estimates of the recreational catches are

available for this stock, but these catches are
considered to be insignificant.
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bottom trawl surveys during 1982-1992. Values shown are numbers of fish per tow.

Sampling Intensity

United States length-frequency sampling in
the Gulf of Maine (SA 51) averaged one sample
per 130 to 160 mt landed during 1985-1990
(Table A2), but prior to and after this period
sampling has been at a much lower intensity
{1982-1983: 1 sample per 800 to 960 mt; 1991 to
1992: 1 sample per 660 to 990 mt). Length-
frequency sampling of commercial landings from
northern Georges Bank (SA 52) averaged one
sample per 160 to 350 mt during 1982-1989, but
since 1990 sampling intensity has decreased
substantially (1 sample per 500 mt in 1990-

1991). In 1992, only two length-frequency
samples were taken from 3,300 mt landed from
northern Georges Bank.

Commercial Landings at Age

Strong shifts in the predominant age of com-
mercial landings have occurred since 1955,
During 1955-1971, commercial landings were
dominated by age 3 and 4 silver hake (Table A3)
with significant contributions from age 5, after
which the age composition shifted to younger



Table Al. U.S. silver hake landings {mt) from the Gulf
of Maine - Northern Georges Bank stock
Year USSR Other US Comm. Total!
19556 - - 53,361 53,361
1956 - - 42,150 42,150
1957 - - 62,750 62,750
1958 - - 49,903 49,903
1959 - - 50.608 50,608
1960 - - 45,543 45,543
1961 - - 39.688 39.688
1962 36,575 - 42,427 79,002
1863 37,525 - 36,399 73.924
1864 57.240 - 37.222 94,462
1865 15,793 - 29,449 45,242
1966 14,239 - 33,477 47,716
1967 6,879 3 26,489 33,371
1968 10,434 72 30,873 41,379
1969 7.813 234 15,917 23,964
1970 12.279 26 15,223 27.528
1971 23,674 1,569 11,158 36,401
1972 16,469 2,315 6,440 25,224
1973 17.847 239 13,997 32,083
1974 13,476 299 6,905 20,680
1975 25,458 1,852 12,566 39,874
1976 65 86 13,483 13,634
1977 2 - 12,455 12,457
1978 - - 12,609 12.609
1979 - - 3.415 3.415
1980 - - 4,730 4,730
1981 - - 4,416 4,416
1982 - - 4.656 4,656
1983 - - 5,310 5.310
1984 - - 8.289 8,289
1985 - - 8,297 8,297
1986 - - 8,502 8,502
1987 - - B,658 5,658
1988 - - 6,767 6,767
1989 - - 4,646 4,646
1990 - - 6,379 6,379
1991 - - 6,053 6.053
5,302 5,302

1992 - -

! Includes Bulgaria, Canada. Cuba, Federal Republic of
Germany, German Democratic Republie, [reland. Japan.
Poland, Romania

ages during 1972-1974, largely due to the DWF
concentrating on the strong 1971 and 1972 year
classes. Since 1979, the age composition has
shifted toward ages 2 to 3, which have generally
composed at least 64% of the total annually.
Since 1955, the age composition of the commer-
cial landings has become highly truncated, with
a gradual decrease in the numbers of fish age 6
and greater during 1972-19886, and a complete
disappearance since 1989.
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Figure Al. Total landings of silver hake from the Gulf
of Maine-Northern Georges Bank stock,
1955-1992,

Commercial Mean Weights at Age

Mean weights at age in the commercial land-
ings for ages 1 to 6+ during 1955-1992 are given
in Table A4 and, based on landings patterns, are
considered mid-year values. Only slight varia-
tions in mean weight at age are apparent among
years during 1955-1992 and are related to varia-
tions in year class strengths as they become
recruited to the fishery. No trends in mean
weights during the 1955-1992 period are evi-
dent.

Stock Abundance and Biomass
Indices

Commercial Landings Per Unit Effort

United States commercial landings per unit
effort indices (LPUE, expressed in metric tfons
landed per day fished) were calculated by ton-
nage class from otter trawl trips in which silver
hake constituted 50% or more of the total trip
landings by weight. These values are considered
“directed trips.” They have been calculated for

" the Gulf of Maine {SA 51) and northern Georges

Bank (SA 52) separately because the fisheries
differ between these areas. and because of regu-
lated Cultivator Shoals fishery on northern
Georges Bank established in 1988,

Directed U.S. LPUE indices for the Gulf of
Maine have generally exhibited an overall declin-
ing trend during the 1973-1992 period, but two
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Table A2Z. United States sampling of commercial silver hale landings from the Gulf of Maine-Northern Georges
Bank stock
Number of Samples (# Fish Measured)
Statistical Area 51 Statistical Area 52
Year a1 Q2 a3 Q4 z a1l Q2 Q3 Q4 z
1982 - - 2(744) 2(365) 4 - - 4(1015) - 4
1983 1(90) - 4(1352) - 5 - 1(120) 2{418) - 3
1984 - 3(433) 10{1232}) 6(593) 19 - - 5(623) - 5
1985 --2(289) 2(360)--14{2008} -1B(}:165) 28 e 1(107) 1{134) 2
1986 7(727) 4(458) 12(1259) 16(1780) 39 - 1{79 16{629) 1(101) 7
1987 - 2(223) 6{687) 19(2292) 27 - 1{144) 7(731) - 8
1988 2(199) 2(208) 11(1158) 11(1278) 27 - 1{101) 11{1091; 1(120)- 13
1989 5(561) 2(208) - - 7 - 1{100) 10(1034) 2(212} 13
1990 4(466) - 3{330) 4{410) 11 - - 6(627) - 6
1991 - 1(103) 1{173) 1(235) 3 - - 7{824) 1(129) 8
1992 - - 1{73) 1(85) 2 - 1{105) 1{104} - 2
Annual Sampling Intensity®
(No. Tons Landed/Sampie)
Statistical Area 5% Statistical Area 52

Year g1 Q2 Q3 Q4 T a1l Q2 a3 Q4 o
1982 (156) (202) 660 790 814 (3) (15} 309 (154) 352
1983 i76 {530) 534 (1,961} 960 (10) 11 225 (49) 173
1984 (167} 75 305 649 386 (5) (5) 166 (112) 191
1985 270 283 246 305 272 (11) (17} 298 361 344
1986 103 130 240 191 184 213) 93 121 289 189
1987 (247} 242 195 129 161 (77) 27 127 (309) 162
1988 221 270 98 142 134 (136} 97 223 481 243
1989 35 115 (543) (768) 245 (34} 135 237 184 225
1990 37 {128) 209 497 263 (23) {15) 529 {267) 580
1991 {127) 98 546 1228 666 {52} (130) 504 344 507
1992 {98} {30) 695 1155 989 (68) 51 2687 {518) 1,662

' Values in parenthesis for annual samplin gintensity indicate no samples taken for landings given.

distinct peaks occurred; one in 1976-77 and
ancther in 1984-85. The LPUE indices on north-
ern Georges Bank exhibit a slightly more varied
trend, and values from tonnage class 3 (which
have dominated directed landings) declined
slightly between 1973 and 1987. Since 1988,
however, LPUE has increased substantially with
rates approaching values not observed before in
the time series {60.1 mt/day fished in 1991). This
is particularly notable in the ton class 4 fleet and
suggests a significant change in the fishing power
of those vessels, which have participated in the
regulated small-mesh Cultivator Shoals fishery
since 1988.

To account for changes in the fishing power of
the ton class 4 fleet on northern Georges Bank,

the relative fishing power between the various
tonnage classes were standardized by applying a
three-factor {(year, tonnage class, and areaj GLM
to log LPUE data for all directed otter trawl trips.

Standardized LPUE indices appear to show
relatively consistent trends between the different
ton classes and within the different regions {Fig-
ure A2). The overall trend between the different
regions (average of all ton classes weighted by
landings) shows relatively consistent peaks in
the standardized LPUE values, although the
magnitude was greater on northern Georges Bank
{Figure A2). The standardized mean (weighted by

" landings) indices for the entire Gulf of Maine-

Northern Georges Bank stock show distinet peaks
in LPUE during 1975-1977 and during 1983-
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Table A3, Landings (millions of fish} at age of silver hake from the Gulf of Maine-Northern Georges Bank Stock,

1955-1992 .
Year Age L Total
1 2 3 4 5 6+

1955 17.0 19.9 50.2 69.2 30.4 25.0 211.7
1956 16.2 12.7 36.5 61.2 26.4 17.1 170.1
1957 52.8 19.5 58.8 84.8 41.6 29.0 286.5
1958 20.9 20.2 40.1 57.6 28.4 26.9 194.1
1959 10.1 30.0 58.2 54.2 26.8 23.3 202.6
1960 4.4 37.7 76.2 53.2 20.8 16.7 209.0
1961 1.1 23.2 59.7 51.5 18.9 14.8 169.2
1962 2.6 33.5 127.2 122.8 47.4 21.6 355.1
1963 14.9 48.3 136.9 103.0 29.2 18.7 351.0
1964 1.4 416.6 133.1 123.4 50.2 40.0 394.7
1965 4.0 23.9 84.2 54.0 18.3 14.8 199.2
1966 5.3 20.3 82.6 70.9 19.8 12.8 211.7
1967 0.7 5.3 32.5 54.9 20.3 9.3 123.0
1968 1.3 4.0 25.8 49.5 36.5 21.5 138.6
1969 3.1 10.6 16.8 21.3 16.2 17.0 85.0
1970 24.8 16.0 32.4 34.1 13.4 14.4 135.1
1971 4.0 24.3 73.8 49.8 19.8 12.7 184.4
1972 78.2 44.5 18.2 4.2 2.2 1.3 148.6
1973 33.4 91.5 24.2 4.5 1.8 0.8 156.2
1974 21.6 31.7 22.4 9.2 2.7 1.8 £89.4
1975 8.7 60.1 63.4 20.3 7.9 3.4 163.8
1976 1.7 19.2 24.6 8.7 2.9 1.5 58.6
1977 1.8 8.7 22.6 14.9 3.0 0.7 51.7
1978 2.7 8.3 7.1 10.8 13.5 3.2 45.6
1979 0.7 3.5 2.3 1.4 1.8 2.7 12.4
1980 1.1 11.8 12.1 2.0 0.5 1.5 29.0
1981 4.9 8.4 7.4 4.0 0.6 0.6 25.9
1982 5.9 . 9.8 2.9 3.0 2.2 0.5 24.3
1983 2.6 14.1 4.0 1.8 1.7 1.0 25.2
1984 3.0 21.5 9.8 3.0 1.0 0.7 39.0
1985 10.4 6.8 13.9 3.9 0.4 0.8 36.2
1986 3.1 14.0 8.1 3.8 1.1 0.8 30.9
1987 0.5 13.2 11.1 1.6 0.9 0.1 27.4
1988 0.7 4.7 20.0 4.5 E.3 0.2 31.4
1989 4.2 7.0 11.3 2.6 0.2 0.0 25.5
1990 3.2 18.6 7.5 5.0 0.9 0.1 35.4
1991 1.7 17.4 9.9 2.6 0.2 0.0 31.8
1992 1.0 12.8 10.4 1.7 0.1 0.0 25.9

1985. Most recently, standardized mean LPUE
has steadily increased since 1987, but declined
in 1992,

Research Vessel Survey Indices

Spring and autumn survey indices were cal-
culated using Delta distribution estimators for
offshore strata only and spring 1973-1981 indi-
ces were adjusted to the #36 Yankee trawl as the
standard gear. Stratified mean catch-per-tow in
number and weight from U.S. spring and autumn
bottomn trawl surveys are given in Table A5 and

estimates of number-per-tow at age since 1973 in
Table AB.

The autumn offshore number per tow index
(0+) declined in the mid- and late 1960s during
the period of heavy exploitation by the DWF
(Figure A3). Between 1969 and 1975, number
per tow increased in both the spring and autumn
surveys due to above average recruitment in the
mid 1970s, but subsequently declined during
the late 1970s. These trends in population
abundance from the NEFSC surveys were largely
consistent with standardized commercial LPUE
indices (Figure A2). Number per tow in the spring
survey varied without trend during the early- to
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Table A4. Mean weight (kilograms} at age of total commercial landings of silver hake from the Gulf of Maine-

Northern Georges Bank Stock, 1955-1992

Year Age Total
1 2 3 4 5 G+
1955 0.046 0.132 0.200 0.258 0.331 0.481 0.252
1956 0.055 0.128 0.204 0.260 0.326 0.462 0.249
1957 0.064 0.120 0.193 0.260 0.322 0.425 0.226
1958 0.045 0.127 0.210 0.282 0.341 0.449 0.257
1959 0.051 0.129 0.190 0.269 0.348 0.485 0.250
1960 0.064 0.129 0.171 0.233 0.320 0.495 0.218
1961 0.065 0.146 0.186 0.239 0.303 (.483 0.235
1962 0.069 0.135 0.172 0.229 0.303 0.460 0.222
1963 0,080 0.121 0.176 0.229 0.308 0.555 0.211
1964 0.075 0.123 0.171 0.228 0.3186 0.548 0.239
1965 0.059 0.147 0.175 0.233 0.320 0.560 0.227
1966 0.065 0.144 0.183 0.229 0.298 0.566 0.226
1987 0.072 0.155 0.218 0.266 0.317 0.478 0.272
1968 0.070 0.161 0.222 0.278 0.323 0.439 0.299
1969 0.064 0.154 0.201 0.291 0.325 0.439 0.284
1970 0.060 0.118 0.178 0.232 0.304 0.442 0.203
1971 0.077 0.122 0.165 0.211 0.262 0.413 0.197
1972 0.089 0.196 0.310 0.437 0.494 0.685 0.169
1973 0.119 0.173 0.262 0.414 0.472 0.806 0.189
1974 0.144 0.217 0.270 0.314 0.563 0.617 0.241
1975 0.102 0.167 0.238 0.361 0.484 0.721 0.242
1976 0.102 0.162 0.237 0.295 0.422 0.668 0.237
1977 0.120 0.172 0.221 0.277 0.403 0.588 0.241
1978 0.114 0.196 0.232 0.277 0.329 0.509 0.277
1979 0.104 0.139 0.201 0.258 0.351 0.373 0.244
1980 0.094 0.134 0.164 0.206 0.283 0.453 0.169
1981 0.115 0.147 0.188 0.215 0.238 0.460 0.173
1982 0.117 0.159 0.197 0.271 0.289 0.525 £$.186
1983 0.129 0.175 0.249 0.311 0.310 0.453 0212
1984 0.128 0.176 0.242 0.368 0.404 0.334 0.212
1985 0.142 0.200 0.256 0.325 0.412 0.606 0.230
1986 0.145 0.214 0.270 0.376 0.538 0.549 0.262
1987 0.092 0.149 0.251 0.321 0.578 0.568 0.215
1988 0.101 0.139 0.181 0.368 0.526 0.779 0.218
1989 0.096 0.162 0.203 0.258 0.378 0.786 0.180
1990 0.108 0.150 0.218 0.244 0.361 0.428 0.180
1991 0.094 0.156 0.225 0.317 0.420 0.464 0.212
1992 0.088 0.154 0.243 0.385 0.418 0.559 0.204

mid-1980s, but increased since 1987, although
estimates have been highly variable. The spring
index for 1992 is the highest on record, at 196.4
fish per tow. The autumn survey index in 1992
is also the largest on record and is strongly
influenced by the 1989, 1990, and 1991 year
classes,

Mortality

Natural Mortality

Instantaneous natural mortality (M) for the
Gulf of Maine-Northern Georges Bank stock is

assumed to be 0.40. Substantial changes in the
age composition of the stock (ie substantial
numbers of age 8 and 9+ during the earlier
history of the fishery) may suggest that M has
also changed. Although an adult M of 0.40 is
high compared to other gadids, given the exten-
sive cannibalism in this stock it is possible M
could be even higher and that the natural mortal-
ity rates varies significantly with age.

Total Mortality

Pooled estimates of instantaneous total mor-
tality (Z) were calculated for four time periods
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Figure A2. Landings per unit effort (LPUE)

standardized for differences in vessel
tonnage class fishing power for the Gulf of
Maine-Northern Georges Bank silver hake
stock. Calculated standardized LPUE
indices compared by a) two-digit statistical
area (51 and 52} and vessel tonnage class;
and b) by statistical area weighted by
tonnage class landings.

encompassed by the NEFSC autumn and spring
offshore bottom trawl surveys: 1974-1977, 1979-
1982, 1984-1987, and 1989-1992 (Table A7),
Total mortality was calculated from survey catch-
per-tow in numbers at age for fully recruited age
groups (age 2+) by the log_ratio of the pooled age
2+/age 3+ indices in the autumn surveys, and
the pooled age 3+/age 4+ indices in the spring
SULVeys.
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Table A5.  Stratified mean number-per-tow (deita
estimate) and weight-per-tow (kg) for silver
hake from the Gulf of Maine-Northern
Georges Bank stock (strata 20-36, 36-40)
from NEFSC autumin and spring bottom
trawl surveys

Year Spring

No./Tow Wt./Tow

Autumn
No./Tow Wt./Tow

1963 - ' - 232.92 25.42
1964 - - 25.19 4.44
1965 - - 32.26 6.50
1966 - - 17.79 4.12
1967 - - 9.42 2.18
1968 0.52 0.04 7.50 2.05
1969 6.37 0.19 15.29 2.83
1970 38.70 14.13 16.74 3.03
1971 571 0.41 30.41 2.47
1972 43.31 1.70 51.59 5.09
1973! 16.34 2.01 25.80 4.15
1974  40.65 1.73 27.21 3.76
1975' 123.00 6.26 79.37 8.23
1976 49.28 5.69 56.34 12.63
1977} 16.63 2.38 34.62 7.59
1978! 5.64 0.52 46.01 7.07
1979! 18.55 1.04 52.96 6.65
1980+  26.92 2.67 39.63 6.66
1981¢  20.73 1.49 23.99 4.06
1982 20.23 1.35 41.55 5.45
1983 20.87 1.51 77.08 9.20
1984 10.39 1.09 24.84 3.62
1985 47.39 2.64 92.70 8.58
1986 95.42 3.25 122.94 14.19
1987 42,14 3.80 60.60 9.84
1988 8.39 1.26 69.75 6.32
1986 120.79 3.57 105.71 12.55
1990 27.62 1.29 112.39 15.25
1991 53.59 1.38 104.59 11.89
1992 196.38 5.66 129.51 14.25
1983 68.58 2.50 N/A? N/A®

- ! Adjusted from #41 trawl catches to eguivalent #36 trawl

catches using a .334:1 ratio.
* Estimates from autumn bottom trawl survey not available.

Pooled estimates indicated that total mortal-
ity has been relatively stable since 1973, ranging
from 0.8 to 1.0.

Estimates of Stock Size and
Fishing Mortality

Virtual Population Analysis Calibration

The ADAPT framework (Parrack 1986; Gavaris
1988; Conser and Powers 1990} was used in an
attempt to calibrate VPA stock sizes and derive
estimates of terminal F values in 1992, Several
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Table AB.  Stratified mean number-per-tow idelta estimate) at age for silver hake from the Gulf of Maine-
Northern Georges Bank Stock (strata 20-36, 36-40) from NEFC autumn and spring bottom trawl

surveys

Year Age
0 i 2 3 4 5 6+ O+ 1+ 2+ 3+
Spring Survey
1973+ - 4.64  10.48 1.05 0.13 0.05 0.01 16.34 16.34  11.70 1.24
19741 - 34.59 3.62 . 1.73 0.39 0.11 0.13 40.65  40.65 6.06 2.36
1975 - 56.51 57.52 7.29 1.23 0.40 0.05 123.00 123.00 66.49 8.97
1976! - 10,563  23.68 12,78 . ..1.48 . 0.51 0.34 4928 49.28 3875 .15.11
1977! - 5.00 4.88 4.25 1.71 0.34 0.29 16.63 16.63 11.83 6.59
1978! - 3.57 1.55 0.29 0.16 0.04 0.02 5.64 5.64 2.07 0.51
1979’ - 7.06  10.80 0.37 0.07 0.05 0.12 18.55 18.55 11.49 0.61
1980} - 3.67 16.65 5.71 0.40 0.11 0.24 26,92 26.92 23.25 6.46
1981} - 9.92 5.70 3.69 1.17 0.17 0.07 2073 20.73 10.81 5.11
1982 - 11.32 5.77 1.64 0.77 0.54 0.14 20.23 20.23 8.91 3.09
1983 - - 10.85 8.40 0.89 0.28 0.30 0.13 20.87 20.87 10.02 1.62
1984 - 3.80 5.28 0.98 0.11 0.08 0.11 10.39 10.39 6.59 1.28
1985 - 39.49 4.13 2.36 0.92 0.20 0.18 47.39  47.39 7.90 3.66
1986 - 87.10 5.81 1.74 0.57 0.14 0.06 95.42 9542 8.32 2.51
1987 - 3.12 34.85 3.37 0.47 0.25 0.04 42.14 42,14 39.02 4.13
1988 - 0.93 1.76 4,92 0.61 0.12 0.05 8.39 8.39 7.46 5.70
1989 - 114.98 3.39 073 1.57 0.12 0.00 120,79 120.79 5.81 2.42
1990 - 15.37 10.06 1.64 0.33 0.19 0.03 27.62 27.62 12.25 2.19
1991 - 45.97 5.53 1.45 0.59 0.05 0.60 53.58 b53.59 7.62 2.09
1992 - 137.14  49.83 7.06° 2.16 0.19 0.00 196.38 196.38 59.24 9.41
1993 - - - - - - - 68.58 - - -
Autumn Survey

1973 5.87 7.20 8.51 3.24 0.48 0.32 0.18  25.80 19,93 12.73 1.22
1974 18.30 3.56 2.87 1.80 0.25 0.22 0.11 27.21 8.91 5.35 2.38
1975 18.36 17.41  32.09 7.61 2.39 0.87 0.64 79.37 61.01 43.60 11.51
1976 6.48 3.26 14.61 20.36 8.60 1.40 1.63 56.34 49.86 46.60 31.99
1977 2.66 3.03 6.05 13.05 8.21 1.34 0.28 34.62 3196 28.93 22.88
1978 19.85 5.22 4.77 3.39 4.92 6.46 1.60 46.01 26.36 21.14 16.37
1979 1.16 28.44 17.35 2.08 0.96 1.19 1.80 52.96 51.80 23.36 6.01
1980 5.47 3.56 12.11 11.89 2.73 1.02 0.85 39.63 34.16 30.60 18.29
1981 1.33 7.66 4.07 5.19 3.95 0.75 1.04 23.89 22.66 15.00 10.93
1982 9.59 14.46 8.63 3.18 2.67 = 2.7 0.45 41.55 31.96 17.50 8.87
1983 1.45 43.04 29.76 1.22 0.59 0.63 0.39 77.08 75.83 32.69 2.83
1984 8.42 6.02 7.38 2.23 0.50 0.18 0.11 2484 16.42 10.40 3.02
1985 37.59  43.00 3.97 6.61 1.41 0.09 0.03 92.70 b5.11 12.11 8.14
1986 14.52 87.78 6.34 11.58 2.45 0.20 0.07 122.94 108,42 20.64 14.30
1987 1.88 3.30 43.32 10.15 1.03 0.85 0.07 60,60 58.72 5542 12.10
1988 39.59 4.06 6.30 18.26 1.40 0.14 0.00 6975 30.16 26.10 19.80
1983 16.47 59.03 13.83 14.78 ~ 1.48 0.11 0.01 105.71 89.24 30.21 16.38
1990 16.86 21.02 53.95 13.71 6.18 0.67 0.00 112.39 9553 74.51 20.56
1991 24.05 37.55 30.23 10.67 1.99 0.10 0.00 104,59 80.54 - 42,99 12,76
1992 18.65 46.62 49.47 14.25 0.52 0.00 0.00 12951 110.86 ©64.24 14.77

! Adjusted from #41 trawl catches te equivalent #36 trawl catches using a .334:1 ratio.
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ADAPT runs were made using the same formula-
tion but with different combinations of spring
and fall indices. Two causes for concern from
these analyses were: 1) the indices’ g's for the
autumn and the spring showed inconsistent
patterns. with g's increasing at age in the autumn
and ¢'s decreasing at age in the spring, and 2) the
autumn survey indices (ages 2 to 5+) showed
strong residual pattems that were negative in the
earlier years (1973-1975) and positive in more
recent years.

These ADAPT results indicated that the esti-
mated F's in 1992 were largely invariant to the
different sets of tuning indices, ranging from
F=0.10 to 0.14. Regardless of which ADAPT
results are chosen, F on the fully recruited ages
was estimated to decrease by an order of magni-
tude since 1988 (from F=1.6 to 0.14}. Since
landings have declined only slightly since 1988
and there is no real indication that effort has
declined, it seems improbable that F could have
declined as drastically as indicated by these
results.

The reasons for the extremely low values of F
in 1992 are not completely clear. However, a
number of possible explanations include: 1) re-
cent increasing trends in survey population abun-
dance in combination with the temporal trends.
in the residuals from the ADAPT results, may
have inflated stock sizes (as seen as high positive
residuals in recent years from the ADAFPT results)
and therefore artificially lower F's; 2) uncertainty
in the landings-at-age matrix from the use of
survey age-length keys to age the commercial

Table A7. Estimates of mstantaneous total mortality (Z) and fishing mortality (F}? for the Gulf of Maine-Northern
Georges Bank silver hake stock derived from NEFSC offshore spring and autumn bottom trawl
survey data®

Gulf of Maine - Northern Georges Bank
Time Period Spring Auntumn Geometric Mean
z F z F Z F
1974 - 1977 1.64 1.24 0.46 0.06 0.87 0.47
1979 - 1982 1.30 0.90 0.75 0.35 0.98 0.58
1984 - 1987 1.19 0.79 0.70 0.30 0.91 0.51
1989 - 1992 0.64° 0.243 0.99 0.59 0.80° 0.40°

'Instantaneous natural mortality (m} assumed to be 0.40.

*Estimates derived from: Autumn. In (Z age 2* for year i-1 to j-1/Z age 3+ for year i to j.
Spring, In (£ age 3” for year i to j/X age 4* for year i+1 to j+1.
3 Provisicnal estimate; does not include spring 1993 survey abundance estimates.
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Tabie BL. United States silver hake landings {mt) from the Southern Georges Bank-Middle Atlantic Stock

Year USSR Other!. US Comm. U.S. Recreational? Totsl
1955 - - 12,489 1,353 15,717
1956 - - 13,417 1,454 16,564
1957 - - 15.476 1,677 17,153
1958 - - 12,156 1,317 13,473
1959 - - 15,439 1,673 17.112
1960 - - 8,306 900 9,206
1961 - - 11,918 1,291 13,209
1962 5,325 - 12,097 1,311 18,733
1963 74,023 - 18,252 1.107 93,382
1964 127,036 - 25,000 1,518 153,584
1965 283,366 - 22,406 1,359 307,131
1966 200,058 - 10,571 641 211,270
1967 81,711 38 8,957 543 91,249
1968 48,392 1,030 8,447 627 58,496
1969 66,151 1,245 7,601 564 75,661
1670 19,762 871 6,404 475 27.512
1971 64,902 1,442 5.163 383 71,890
19872 85,4186 2,965 5.561 412 94,396
1973 95,606 2,383 6,146 458 104,593
1974 99,215 2,807 7.213 538 109,863
1975 63,425 2,387 8,342 99 74,253
19786 53,707 4,600 9,581 853 68,741
1977 46,305 1,645 9,484 1,974 59,308
1978 13,380 963 11,410 1,369 27,132
1979 3,075 1,802 13,087 411 18,375
1980 - 1,698 11,731 117 13,546
1981 - 3,043 11,718 65 14,826
1982 - 2.397 11,908 256 14,561
1983 - 620 11,520 +4 12,140
1984 - 412 12,731 + 13,143
1985 - 1,321 11,820 23 13.164
1986 - 550 9,479 94 10,123
1987 - 2 10,053 68 10,121
1988 - - 9,187 8 9,194
1989 - - 13,169 - 13,169
1990 - - 13,615 - 13,615
1991 - - 10,093 - 10,093
1992 - - 10,288 - 10,288

! Includes Bulgaria, Cuba, German Democratic Republic, Italy, Japan, Mexico, Peland, Romania, Spain

2 Recreational catch estimates taken from Almeida (1987)
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Figure B1. Total landings of stlver hake from the
Southern Georges Bank-Middle Atlantic
stock, 1955-1992.

landings and pocr sampling of commercial land-
ings, particularly in recent years which required
the use of sea samples; and 3) mixing of the Gulf
of Maine-Northern Georges Bank and the South-
ern Georges Bank-Middle Atlantic stocks and its
effect on the survey indices that are used to tune
the VPA.

B. SOUTHERN GEORGES BANK-
MIDDLE ATLANTIC

The Fishery

Commercial Landings

Landings from the Southern Georges Bank-
Middle Atlantic silver hake stock were taken
exclusively hy U.S. vessels before 1960. Exploi-
tation intensified between 1961 and 1965 with
the arrival of the DWF (principaily the USSR) and
total international landings increased to 307,000
mt (Figure B1), the historic high. Total interna-
tional landings from the Southermn Georges Bank-
Middle Atlantic stock dropped markedly between
1965 and 1969, increased again during the early
1970s. and subsequently declined. While foreign
fleets fishing for silver hake in U.S, waters were
either greatly reduced or eliminated altogether by
the late-1970s, U.S. landings have not increased
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and remain at lows levels compared to earlier
years of the fishery.

Total commercial landings from this stock in
1992 were 10,300 mt, a slight increase over 1991
and approximately 24% lower than the 13,600 mt
reported for 1990 (Table B1}. In 1990 the U.%.
commercial fisheries had the largest landings
since 1966, and international landinds were the
largest since 1982. Since 1980, the U.S. com-
mercial fishery has accounted for at least 80% of
the total, which has remained without trend,
averaging 12,000 mt (Figure B1).

Recreational Catches

Recreational catches of silver hake have been
reported for this stock but have been generally a
minor compenent of the total, averaging 777 mt
per year and ranging from O to 1,974 mt (Table
B1), Details of recreational catch estimates can
be found in Almeida (1987).

Sampling Intensity

Length frequencies taken from Division 62
were generally oversampled (averaging 1 sample
per 21 to 170 mt), particularly since commercial
landings from this area are low (Table B2). In
division 61, length frequency sampling was ad-
equate during 1982-1992, averaging one sample
per 100 to 280 mt. Sampling in division 53
averaged one sample per 150 to 290 mt during
1984-1991, but decreased prior to 1984 and in
1992 (1982-1984: 1 sample per 450 to 660 mt;
1992: 1 sample per 500 mi). Sampling has been
generally poor in division 52, particularly since
1988, averaging one sample per 350 to 730 mit,
Length frequency samples from sea sampling
trips during 1989-1992 were also available and
used to augment port sample length frequencies.

Sampling recommendations as discussed for
the Gulf of Maine-Northern Georges Bank stock
should be applied.

Commercial Landings at Age

Similar shifts in the predominant ages com-
posing the commercial landings have been oh-
served for this stock since 1955 (Table B3). The
commercial landings in the 1950s and 1960s
were predominantly composed of age 2 to 4 fish
(averaging about 86% of the total each year).
During 1972-1974 the age composition shifted to
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Table B2, United States sampling of commercial silver hake landings from the Southern Georges Bank - Middle
Atlantic stock

Number of Samples (# Fish Measured)

Statistical Area Statistical Area
52 53
Year Q1 Q2 Q3 Q4 Z Ql Q2 Qs Q4 z
1982 - 1{49) - - 1 2{587) 3(1002) 2(358) 2(590) 9
1983 - 1(103) 1(99) - 2 2(491} 3(876) 3(772) 4(551) 12
1984 - 2{158) - - 2 3(267} 3(304) 5(468) 7(680) I8
1985 - - - - ¢} 4{359) 9(887) 10{1002) 7(712) 30
. 1986 . - - 3(319) - 3 3{300) B(797).....13(1421).. . 10(9386) 34
1987 - 2(201) 1(11Q) - 3 6(588) 7(682) 11{1130) 13(1181) 37
1988 - 2(200) 3(303) - 5 3(287) 7(671) 3(291) 9{922) 2
1989 - 2(194) 4(402) - 3] 2{204) 7(699) 4{399) 3{299) 16
19590 - 2(199) - - 2 8(603} 9(911) 6(608) 6(639) 27
1991 1300} 2(199) - - 3 3{299) 4(496) 8(900) 4(401) 19
1992 - 3(332) 1(100) - 4 3(375) - 3(320) - G
. 61 62
Year a1 Qz g3 Q4 z Q1 Qz Qa3 Q4 z
1982 " 4{1157) 5(726} 1(89) 8(1749) 18 - 1(89) - 1
1983 8(2312) 5(658) - 5{1081) 18 2{342) 1(105) - - 3
1984 19{1974) 3(325}) - 6(574) 28 5(574) - - 3(302) 8
1985 25{2818) 11{1111} - 4{(414) 40 1{119} 1{98) 1(89) 1{104) 4
1986 19(1965) 5{498) 4417) 5{493) 33 2(208) - - - 2
1987 21(2402)  9(900) - 2(200) 13 2(196) 2(202)- - 4
1988 24(2582} 8(802) 6(600) 8(806) 46 1117} 2(208) - - 3
1989 17(17086} 8{902) 6(601) 10(997) 41 2(105) - - - 2
1990 19(1927) 14(1394) 10(1016) 13(13086) 56 3(314} - - - 3
1991 14{1406} 6(599) 3(302) 10{991) 33 - - - - 0
1992 9820} 10(1006) 1(202) - 20 1{102} - - - 1
Annual Sampling Intensity! (No. Tons Landed/Sample)
52 23
Year a1 Q2 Q3 Q4 ) A a1 Q2 a3 a4 b
1982 (8 126 245 - 395 337 783 780 707 668
1983 9 61 381 3 316 306 45D 940 . 733 444
1984 (1) 22 (392) 24) 230 193 630 289 205 297
1985 (5} {143) (212) (B8) (366) 84 223 142 163 164
1986 (20} (121) 31 (10) 82 243 251 105 120 156
1987 (B} 239 565 (10 378 184 206 134 72 134
1988 (45} 202 88 (2) 144 293 236 19 357 146
1989 {254) 251 129 3 3556 172 151 280 508 254
1990 9) 428 (215) 20 550 213 159 244 214 199
1991 529 454 (42) (1) 20 226 316 127 188 169
1992 (1) 760 645 (1) 732 327 {778) 255 (689} 536
61 62
Year a1 ) g3 Q4 s g1 Q2 a3 Q4 z
1982 ) 471 212 29 115 198 (132) (37) - m 170
1983 452 180 8) (435) 175 33 126 - (3) 65
1984 138 457 (117) 40 155 30 (78) (117} 2 . 30
1985 114 135 {6) 17 110 39 41 1 2 22
1986 73 381 19 90 116 12 (18) - - 21
1987 884 158 (49 211 281 36 41 - {4 39
1988 110 189 - 36 92 111 104 12 - : (1) 43
1989 175 280 40 140 167 35 {41) - (15) 75
1990 148 158 60 84 120 95 (56) - (28) 51
1891 . 128 - 331 40 83 125 (43) (23) - {2) 68
1992 184 129 170 (972) 205 14 (10) - {2) 26

I Values in parenthesis for annual sampling intensify indicate that no samples were taken for given landings.
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Table B3. Commercial landings (millions of fish) at age of silver hake from the Southern Georges Bank-Middle
Atlantic Stock, 1955-1992

Year Age

1 2 3 4 5 6+ Total
1955 17.4 9.6 20.0 21.7 8.7 3.0 0.4
1956 61.9 46.6 20.4 15.2 5.4 2.3 151.8
1957 2.4 22.2 31.3 22.6 9.6 4.0 92.1
1958 20.6 27.8 24.8 15.5 5.4 2.3 96.4
1959 11.8 11.4 36.6 24.7 8.7 2.9 96.1
1960 12.0 17.0 12.7 10.6 4.9 3.0 60.2
1961 0.4 6.2 26.2 21.5 5.5 3.0 62.8
1962 0.5 6.6 31.7 34.6 10.1 4.3 87.8
1963 6.5 33.8 171.7 196.2 53.5 12.4 474.1
1964 18.4 65.3 286.8 271.5 85.1 35.5 762.6
1965 46.9 203.7 901.7 553.0 75.1 26.6 1807.0
1966 18.7 359.8 507.6 289.7 77.8 42.2 1295.8
1967 15.7 121.5 216.3 154.9 30.8 12.1 551.3
1968 9.7 24.5 143.4 90.8 29.0 17.7 315.1
1969 1.8 20.0 111.0 100.6 40.7 28.5 302.6
1970 41.8 25.1 17.3 32.6 23.1 15.6 155.5
1971 8.0 41.3 92.3 79.0 44.4 50.1 315.1
1972 134.0 174.1 111.9 33.0 5.0 2.8 460.8
1673 72.8 325.0 112.9 29.3 4.9 1.7 546.6
1974 73.7 223.3 141.2 74.1 17.2 11.7 541.2
1875 5.5 106.6 149.3 51.0 19.8 4.0 336.2
1976 7.6 86.6 142.8 95.2 10.4 1.5 344.1
1977 2.6 34.0 132.6 68.8 11.2 5.6 254.8
1978 2.2 26.7 20.4 28.0 12.5 3.3 93.1
1979 8.1 22.0 17.3 8.0 10.4 8.1 73.9
1980 3.6 17.4 19.4 9.5 4.4 6.1 60.4
1981 17.6 24.0 28.4 16.1 5.0 3.5 94.6
1982 12.4 32.0 12.2 9.3 8.1 4.2 78.2
1983 8.4 23.0 16,7 6.0 4.3 3.5 61.9
1984 7.2 45.5 23.0 5.7 0.9 0.8 83.1
1985 7.6 26.1 23.1 7.6 1.5 0.4 66.3
1986 11.3 28.2 18.3 5.3 1.0 0.3 64.4
1987 5.6 25.1 17.8 5.9 4.5 0.2 59.1
1988 3.4 23.5 20.1 5.8 0.5 0.0 53.3
1989 1.8 25.0 37.7 9.4 0.8 0.0 74.7
1990 1.0 20.2 31.8 11.0 1.8 0.1 65.9
1991 0.9 7.2 26.1 17.1 2.6 0.5 B4.4
1992 2.5 17.1 27.2 11.1 0.6 0.0 b&.b

younger fish f[ages 1 to 3), due to several strong
year classes recruiting to the fishery. As those
year classes grew through the fishery during
1975-1978, the age composition again shifted
toward older fish (age 2 to 4), which constituted
approximately 90% of the total. Since 1979, the
commercial landings have been made up prima-
rily of age 2 to 3 fish (about 65% of the total each
year), and since 1988 significant contributions
have been made by age 4 fish.

Commercial Mean Weights at Age

Mean weights at age in the commercial land-
ings for ages 1 to 6+ during 1955-1992 are given

in Table B4 and, based on landings patterns, are
considered mid-year values. During the 1955-
1992 period, mean weights at age varied annu-
ally, but without consistent trend.

Stock Abundance and Biomass
Indices

Commercial Landings Per Unit Effort

United States commercial LPUE indices (land-
ings per unit effort; expressed in metric tons
landed per day fished) were calculated, by ton-
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Table B4. Mean weight (kilograms) at age of commercial landings of silver hake from the Southern Georges
Bank-Middle Atlantic stock, 1955-1992

Year Age

1 2 3 4 5 6+ Total
1955 0.044 0.101 0.182 0.222 0.307 0.477 0.173
1956 0.034 0.074 0.154 0.223 0.316 0.490 0.098
1957 0.062 0.085 0.157 0.224 0.326 0.501 0.186
1958 0.060 0.088 0.152 0.215 0.310 0.457 0.140
1959 0.035 0.105 0.156 0.227 0.333 0.463 0.179
1960 0.047 0.074 0.159 0.2186 0.317 0.525 0.154
1961 - 0OTT7 0:165 0164 ~0.217 6:331 0.591 0,211
1962 0.067 0.106 0.157 0.215 0.300 0.594 0.213
1963 0.076 0.103 0.161 0.209 0.286 " 0.468 (0.198
1964 0.057 0.107 0.154 0.210 0.301 0.5330 0.201
1965 0.063 0.102 0.153 0.199 0.300 0.486 0.170
1966 0.058 0.089 0.143 0.207 0.311 0.512 0.163
1967 0.045 0.092 0.149 0.204 0.300 0.516 0.165
1968 0.046 0.096 0.138 (.194 0.311 0.526 0.186
1969 0.064 0.111 0.189 0.243 0.308 0.553 0.251
1970 0.049 0.093 0.163 0.209 0.270 0.478 0.178
1971 0.057 0.096 0.152 0.204 0.280 0.517 0.231
1972 0.092 0.201 0.274 0.370 0.372 0.537 0.203
1973 0.096 0.167 0.2561 0.300 0.393 0.542 0.185
1974 0.057 - 0.178 0.235 0.302 0.325 0.526 0.203
1975 0.111 0.141 0.199 0.332 0.468 0.710 0.221
1976 0.064 0.168 0.195 0.228 0.453 0.563 0.204
1977 0.066 0.168 0.213 0.257 0.376 0.590 0.233
1978 0.081 0.192 0.286 0.344 0.333 0.468 0.284
1979 0.081 0.183 0.243 0.287 0.396 0.380 0.249
1980 0.103 0.194 0.212 0.263 0.315 0.499 0.245
1981 0.060 0.144 0.220 0.255 0.265 0.498 1.190
1982 0.106 0.158 0.210 0.246 0.298 0.421 0.197
1983 0.113 0.167 0.207 0.251 0.285 0.406 0.200
1984 0.044 0.138 0.183 0.304 0.324 0.483 0.159
1985 0.089 0.147 0.214 0.354 0.520 0.507 0.198
1986 0.078 0.133 0.193 0.268 0.385 0.579 0.158
1987 0.119 0.135 0.187 0.214 0.466 0.416 0.183
1988 0.061 0.153 0.176 0.275 0.367 0.425 0.171
1989 0.103 0.149 0.190 0.239 0.361 0.425 0.184
1990 0.125 0.157 0.207 0.272 0.335 0.43b 0.260
1991 0.079 0.138 0.172 0.210 0.307 0.415 0.205
1992 0.058 0.151 0.177 0.229 0.284 0.425 0.209

nage class, from otter trawl trips in which silver
hake constituted 50% or more of the total trip
landed by weight, These values are considered
“directed trips” and have been computed for
those divisions in which significant silver hake
landings occur. United States landings from
directed trips in divisions 53 and 61 have varied
annually but generally without trend since the
late 1970s. However since the early 1980s,
comunercial landings from directed trips have
increased in the southern Georges Bank area (SA
52), primarily from the ton class 4 fleet.

United States directed commercial LPUE in-

dices from divisions 53 and 61 have gradually
declined since the late 1970s, with peak values
during 1981-1984 and another smaller peak
during 1988-1990 (Figure B2). Despite decreases
in these areas, LPUE in the southem Georges
Bank region (SA 52) has increased since 1980.
Commercial LPUE indices were standardized
by applying a three-factor (year, tonnage class,
and area) General Linear Model (GLM] to log
LPUE data for directed trips otter trawl trips from
1973 through 1992. Standardized indices that
have accounted for area and ton class effects
show an overall declining trend (Figure B2).
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Figure B2. Landings per unit effort {LPUE)
standardized for differences in vessel
tonnage class fishing power for the
Southern Georges Bank-Middle Atlantic
silver hake stock.

Research Vessel Survey Indices

Spring and autumn survey indices were cal-
culated using Delta distribution estimators for
offshore strata only and spring 1973-1981 indi-
ces were adjusted to the #36 Yankee trawl as the
standard gear. Stratified mean catch per tow in
number for both spring and autumn surveys are
given in Table B5 and estimates of number per
tow at age in Table B6.

The spring and autumn survey number per
tow indices have been variable and have gener-
ally shown inconsistent trends in population
abundance, except during 1973-1978. During
this period, the number per tow indices increased,
reaching a series high in 1974 and in 1977 for the
spring and autumn surveys, respectively, after
which both set of indices subsequently declined
(Figure B3). This resulted from strong year
classes during the mid-1970s and was consis-
tent with trends occurring in the Gulf of Maine-
Northern Georges Bank stock during the same
period. The spring index increased again during
1985-1989, but declined through 1992; since
1980 autumn indices have generally varied with-
out trend except for an unusually high index in
1985. '

Mortality

Natural Mortality

Instantaneous natural mortality (M) for the
Southern Georges Bank-Middle Atlantic stock is
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assumed to be 0.40. Changes in natural mortal-
ity rates over time and varying by age as was
discussed for the Gulf of Maine-Northern Georges
Bank stock also applies here.

Total Mortality

Estimates of instantaneous total mortality
(Z)} were calculated in the same manner as for the
Gulf of Maine-Northern Georges Bank stock and
values were obtained for the same time periods.
Pocled estimates indicated that total mortality on
this stock increased from 0.7 to 0.8 during 1974-
1982, to 1.1 during 1984-1987 and further to 1.6
during 1989-1992 (Table B7). Estimates of total
mortality were roughly equal between spring and
autumn sSurveys.

Estimates of Stock Size and
Fishing Mortality

Virtual Population Anaiysis Calibration

The ADAPT framework (Parrack 1986; Gavaris
1988; Conser and Powers 1990) was used in an
attempt to calibrate VPA stock sizes and derive
estimates of terminal ¥ values in 1992, As with
the Gulf of Maine-Northern Georges Bank stock,
temporal trends in the residuals were observed in
both surveys in earlier years (1973-1976); how-
ever, the spring survey indices {ages 2 to 5+)
showed particularly strong trends. Additionally,
the spring and autumn surveys have shown
inconsistent trends in recent years: observed
spring indices were larger than expected (result-
ing in large positive residuals) while the observed

autumn indices were smaller than expected (re-

sulting in large negative residuals).

The above ADAPT results indicated that the
estimnated F's in 1992 were extremely variable to
different sets of tuning indices and formulations,
ranging from F=0.79 to 4.8. The variability in the
fully recruited F in 1992 is not only driven by the
inconsistency between the spring and autumn

surveys, but by the within survey variability in

the observed indices. It is not clear whether one
index should be chosen over the another: ie.,
ornission of spring indices which showed strong
temporal trends in the residuals lead to extreme
values of Fin 1992. The reasons for the extremely
high values of F in 1992 are not completely clear;
however, a number of possible explanations In-
clude: 1) large positive residuals on age 2 indices
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Table Bb5,

Stratified mean number-per-tow and weight-per-tow (kilograms) for silver hake from the Soutkern

Georges Bank-Middle Atlantic stock (offshore strata 1-19, 61-76; inshore strata 1-46. 52, 55) from
NEFSC autumn and spring bottom {rawl surveys

Spring Autumn
Year No./Tow wt./Tow Year No./Tow WwWt./Tow
1963 - - 196345 33.26 4.05
1964 - - 196445 30.76 3.21
1965 - - 196545 58.56 4.84
1966 - - 1966*5 98.52 2.22
1967 - - 1967+ 14.81 1.0
1968? 35.10 3.57 1968% 5374 2.34
1969! 16.68 2.09 1969+ 24.14 1.09
1970! 17.75 1.17 1970 27.72 1.16
1971! 25.44 2.08 19714 50.07 1.92
1972! 10.75 1.33 1972+ 47.74 1.74
16732 17.23 3.04 1973+ 18.38 - 1.48
19747 37.21 2.13 1974 127.95 0.76
19752 33.70 3.76 1975 48.90 1.59
1976° 22.82 2.56 1976 106.90 1.80
19773 9.13 2.59 1977 137.59 1.58
1978 14.24 3.08 1978 77.31 2.53
19792 9.34 1.49 1979 25.26 1.51
19802 10.38 2.04 1980 53.49 1.80
1981° 10.12 2.09 1981 54.65 1.07
1982 7.97 1.88 1982 67.44 1.44
1983 10.18 1.38 1983 42.68 2,73
1984 11.51 2.09 1984 30.50 1.32
1985 18.83 2.30 1985 113.90 3.29
1986 17.16 2.31 1986 27.84 1.20
1987 23.74 3.04 1987 12.45 1.68
1988 13.47 1.46 1988 48.68 1.54
1989 19.03 1.93 1989 28.13 1.60
1990 22.41 2.55 1990 35.36 1.29
1991 10.92 1.29 1991 61.23 0.72
1992 9,22 0.48 1992 61.23 0.72
1993 20.22 1.33 1993 N/AS N/AS

Strata 1-19 only.
Estimates from autumn bottom trawl survey not available.

[ R T S

Adjusted from offshore #36 trawl catches to equivalent inshore-offshore #38 trawl catches using a .960:1 ratio.
Adjusted from offshore #41 trawl catches to equivalent inshore-offshore #36 trawl catches using a .320:1 ratio.
Adjusted from offshore #41 trawl catches to equivalent inshore-offshore #36 trawl catches using a .334:1 ratio.
Adjusted from offshore #36 trawl catches to eguivalent inshore-offshore #36 trawl catches using a .890:1 ratio.

and large negative residuals on age 4 indices in
recent years from ADAPT results, may have in-
flated stock sizes at age 1 and deflated stock sizes
at age 4 and, therefore, artificially increased Fs;
2) uncertainty in the landings-at-age matrix from
the use of survey age-length keys to age the
commercial landings composition and poor sam-
pling of commercial landings, particularly in re-
cent years, which required the use of sea samples;
and 3) mixing of the Gulf of Maine-Northern
Georges Bank and the Southern Georges Bank-
Middle Atlantic stocks and its effect on the survey
indices that are used to tune the VPA.

Effects of Discarding onYield and
Spawning Stock-Biomass-Per-
Recruit Analyses

Methods

To estimate the selection pattern of the cur-
rent fishery for silver hake, the landings-ai-age
matrix was augmented to account for the num-
bers of silver hake at age discarded at sea. This
required: 1) a discard estimator for each cell
within defined temporal and spatial strata; 2} an
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Table B6. Stratified mean number-per-tow {linear estimate] at age for silver hake from the Southern Georges
Bank-Middle Atlantic Stock (offshore strata 1-19, 61-76; inshore strata 1-46, 52, 55) from NEFC
autumn and spring bottom trawl surveys.

Year Age
0 1 2 3 4 5 6+ 0+ 1+ 2+ 3+
Spring Survey
1973¢ - 5.65 6.96 3.33 1.07 0.11 0.11 17.23 17.23 11.58 4.62
1974! - 28.40 2.19 3.55 2.06 0.69 0.32 37.21 37.21 8.81 6.62
1975! - 17.38 457 © 8.64 2.38 0.66 0.07 33.70 33.70 16.32 11.75
19762 - 12.08 5.15 3.40 1.70 0.37 0.12 22,82 22.82 10.74 5.59
19772 - 1.42 1.24 3.69 2.05 0.42 0.31 9.13 9.13 7.71 6.47
19782 - 6.24 2.84 1.53 2.22 1.05 0.36 14.24 14.24 8.00 5.16
19792 - 5.18 1.44 1.00 0.47 0.72 0.53 9.34 9.34 4.16 2,72
19802 - 3.60 3.07 2.10 0.79 0.25 0.57 10.38 10.38 6.78 3.71
1981% - 3.69 1.84 2.01 1.37 0.64 0.57 10.12 10.12 6.43 4.59
1982 - 1.31 3.11 1.02 1.03 0.86 0.64 7.97 7.97 6.66 3.55
1983 - 4.12 3.83 1.08 0.58 0.24 0.33° 10,18 10.18 6.06 2,23
1984 - 2.47 5.74 2.39 0.59 0.13 0.19 11.51 11,51 9.04 3.30
1985 - 8.91 3.98 3.99 1.41 0.35 0.19 18.83 18.83 9.92 5.94
1986 - 3.35 9.57 2.19 1.74 0.27 004 17.16 17.16 13.81 4,24
1987 - 3.53 13.08 5.17 1.28 0.64 0.03 23.74 23.74 20.21 7.12
1988 - 4.58 2.42 5.57 0.84 0.06 0.00 13.47 13.47 8.89 6.47
1989 - 6.46 4.62 6.59 1.26 0.08 0.02 19.03 19.03 12.57 7.95
1990 - 3.35 12.10 5.74 1.04 0.17 0.01 22.41 2241 19.06 6.96
1991 - 3.03 1.49 3.61 2.23 0.45 0.11 10.92 10.92 7.89 6.40
1992 - 6.13 1.14 1.37 0.55 0.03 0.00 9.22 9.22 3.09 1.95
1993 - - - - - - - 20.22 20.22 - -
Autumn Survey
1973® 10.51 2.89 3.09 1.32 0.37 0.19 0.01 18.38 7.87 4.98 1.89-
1974 121.39 4.19 1.58 0.45 0.1G 0.04 0.00 127.95 6.36 2.17 0.59
1975 40.81 3.78 2.18 1.32 0.54 0.18 0.11 48.90 8.09 4.31 2.15
1976 95.46 2.49 4.92 2.62 0.91 0.24 0.26 106.90 11.44 8.95 4.03
1977 128.39 3.63 1.44 2.82 0.96 0.21 0.14 137.59 9.20 5.67 4.13
1978 b57.06 9.46 4.20 2,76 2.50 1.13 0.21 77.31 20.286 10.80 6.60
1979 18,72 2.01 1.75 1.27 0.62 0.45 0.44 25.26 6.54 4.53 2.78
1980 4285 3.74 1.39 3.34 1.04 0.50 063 53.49 10.64 6.90 5.51
1981 49.19 2.42 0.77 1.18 0.83 0.19 0.09 54.65 5.46 3.04 2.27
1982 60.74 2.85 2.28 091 0.39 0.17 0.10 67.44 6.70 3.85 1.57
1983 27.48 8.68 3.91 1.93 0.38 0.18 0.12 42,68 15.20 6.52 2.61
1984 2223 4.79 2.29 0.92 0.24 0.03 0.00 30.50 8.27 3.48 1.19
1985 89.94 16.30 3.563 3.13 0.88 0.07 0.05 113.90 2396 7.66 4,13
1986 18.96 4.95 2.21 0.50 0.16 0.086 0.00 27.84 7.88 2.93 0.72
1987 0.72 4.62 6.42 0.49 0.15 0.05 0.00 12.45 11.73 7.11 0.69
11888 36.94 3.29 7.56 0.82 0.07 0.00 0.00 4868 11.74 8.45 0.89
1989 17.92 2.34 5.65 2.03 0.16 0.03 0.00 28,13 10.21 7.87 2.22
1990 27.68 1.12 5.12 1.07 0.30 0.07 0.00 35.36 - 7.68 6.56 1.44
1991 b7.47 0.52 2.06 0.98 0.19 0.01 0.00 61.23 3.76 3.24 1.18
1992 5911 3.38 3.03 0.42 0.04 0.00 0.00 65.98 6.87 3.49 0.46

! Adjusted from offshore #41 trawl catches to equivalent inshore-offshore #36 trawl catches using a .320:1 ratio.
2 Adjusied from offshore #41 trawl catches to equivalent inshore-offshore #36 trawl caiches using a .334:1 ratio.
® Adjusted from offshore #36 trawl catches to equivalent inshore-offshore #36 trawl catches using a .890:1 ratio.
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Figure B3. Stratified mean number and weight
ikilograms) per tow of Southern Georges
Bank-Middle Atlantic silver hake from the
NEFSC spring and autumn bottom trawl
SUrveys.

expansion factor to adjust the cell's discard esti-
mates to fleet wide estimate of discards by strata;
and 3) samples of the size composition of dis-
cards by strata from which the average weight
can be used to estimate numbers of fish dis-
carded by length and age. It is assumed that
fishing patterns and recorded weight and size
composition of discards from observed trips in
the Domestic Sea Sampling Program (DSSP} are
representative of the overall fishing {leet.

Statistical areas and meshes were aggregated
into large enough categories to obtain minimum
adequate samples to stratify temporally and spa-
tially, because discard rates are likely to vary
owing to the size composition of the fish in the
population and operations of the fleets (i.e. mesh
size). In addition, meshes were aggregated into
mesh categories as follows: mesh category 1
(mesh cod end <= 3.5 inches), mesh category 2
(3.5 < mesh cod end < 5.5), mesh category 3
[mesh cod end => 5.5 in). Tables A8 and B8 show
data on discarded silver hake in the DSSP data
base: the number of individual length samples
and numbers of fish measured by strata (year,
quarter, region, and mesh).

Discard Estimate Expansion

The weight (in pounds) of silver hake dis-
carded to days fished was chosen as the ratio

Table B7. Estimates of instantaneous total mortality (Z) and fishing mortality (F)! for the Southern Georges Bank
- Middle Atlantic silver hake stock derived from NEFSC offshore spring and autumn bottom trawi

survey data*

Time Period Spring Autumn Geometric Mean
z F z F z F
1974 - 1977 0.95 0.55 0.63 0.23 0.77 0.37
1979 - 1982 0.62 0.22 0.73 0.33 0.67 0.27
1984 - 1987 1.10 0.70 1.12 0.72 1.11 0.71
1989 - 1992 1.54° 1,140 1.59 1.19 1.563 1.16°

! I[nstantaneous natural mortality (m) assumed to be 0.40.

? Estimates derived from: Autumn, In { £ age 2* for year i-1 to j-1/ Z age 3+ for yearito j.

Spring, In { Zage 3- for year i to j/ I age 4*for year i+1 to j+1.

? Provisional estimate; does not include spring 1993 survey abundance estimates.




discard estimator for the silver hake fishery (Helser
1993). Only those sea sampling trips for which
some silver hake were landed were used to com-
pute the discard rates, ie., trips in which all
silver hake were discarded were excluded from
the caleculaticns.

The discard rates so estimated were derived
from only a fraction of the total number trips
made by vessels within each stratum. To derive
fleet-wide discard estimates, the discard rate was
raised by the expansion factor, E, defined as the
total days fished of trips that landed silver hake
within a given stratum (Helser, 1993). Total effort
was defined as the summation of all days fished
for those trips during which silver hake were
landed. Because some trips that catch silver
hake discard 100% of them (i.e., landings are 0),
the present discard rates are considered mini-
mum estimates.

The total discards (in weight) of silver hake by
stratum were obtained using:

(1) Wi = Ry By Py
where:
W, = total weight of discards (Ib) in yeariregion

J quarter k and mesh [

R, = mean discard estimator in year i region j
' quarter k and mesh [
E, = the total effort (days fished) in year i

region j, and quarter k, and

P,,= proportion of total effort from interviewed
trips in yeariregionf, quarterk, and mesh
L.

Numbers of Discards at Length and Age

The age composition of discarded silver hake
in the fishery was estimated by applying esti-
mated numbers of discards at length derived
from DSSP length frequency samples to age-
length keys derived from NEFSC research vessel
surveys, pooled by calendar quarter. Discarded
numbers were estimated by dividing mean weights
obtained by applying a length-weight equation
(W = .00000593L*%) to DSSP length frequency
samples into the total discard estimate. Total
numbers discarded were then multiplied back
into proportions at length by straium to derive
numbers at length. Numbers at length were
summed across mesh categories, across regions,
and across quarters 1 to 2 and across quarters 3
to 4 and applied to age-length keys (quarters 1 to
2 applied to the spring survey key; quarters 3 to
4 applied to the autumn survey key) and summed
again over quarter to derive estimates of the
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numbers of discards at age. Total numbers
discarded at length are shown in Figures A4 and
B4 and numbers at age in Figures A5 and B5.
Estimated discards of silver hake ranged from
26% (1,695 mt in 1991} to 1566% (7,236 mt in
1989) of total Gulf of Maine-Northern Georges
Bank landings over the 1989-1992 period for
which data were available. In the Southern
Georges Bank-Middle Atlantic silver hake stock
discards ranged from 12% (1,249 mt in 1991) to

. 76% (10,000 mt in 1989) of total landings. Num-

bers of silver hake discarded ranged from 47%
(16.6 million in 1990) to 296% (75.6 million in
1989) of the total numbers landed in the fisheries
in the Gulf of Maine-Northern Georges Bank
stock. In the Southern Georges Bank-Middle
Atlantic stock fisheries, numbers discarded
ranged between 18% (9.7 million in 1991) to
108% (80.7 million in 1989) of the total numbers
of silver hake landed.

In the Gulf of Maine-Northern Georges Bank
stock significant discards in numbers occurred
generally between 15 and 25 cm (Figure A4) and
represented the greatest proportion of age 1 and
a smaller but still significant proportion of age 2
fish (Figure AB). The size composition of dis-
carded silver hake in the Southern Georges Bank-
Middle Atlantic fisheries, although slightly larger
in size compared to the northern stock, were
clearly of a smaller size composition than the
landings; with significant numbers between 21
and 30 cm (Figure B4). Discarded silver hake
dominated in number at age for age 1 with
significant numbers at age 2 and in some years
even age 3 (Figure B5).

Selection Pattern at Age

Estimated numbers of discards-at-age (from
1989-1990) were added to the numbers landed-
at-age to develop an estimated catch-at-age ma-
trix for those years. An untuned Virtual Popula-
tion Analysis (Gulland 1965} was applied to the
silver hake landings-at- age and catch-at-age
matrices to determine the effect of discarding on
the exploitation pattern. Since discard estimates
were only available for the years 1989-1992, the
VPA was run and examined to determine the
extent to which estimates of fishing meortality at
age had converged over the 1989-1992 period.
For both stocks, natural mortality (M) was as-
sumed to be 0.4 and VPA runs were performed
with varying levels of terminal fishing mortality.
In all cases, from low to high terminal F's, conver-
gence was achieved across ages 1 to 3 by 1989
and to some extent by 1990. In the northemn
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'Gulf of Maine Regior: = {statistical area 511-515)
zeorges Bank Region = {statistical area 521-523)
“Mesh category 1 = (mesh cod end <= 3.5 inches)
Mesh category 3 = (mesh cod end => 5.5 inches)

stock (see table in the next column }, inclusion of
the discards in the catch at age increased the F at
age 1 from about 5 to 7% of the age 3 F (assumed
full) to about 45% (see 200% column) of the age
3 F. In the southern stock, F at age 1 remained
low relative to the age 3 F, but F at age 2 increased
from about 25% of the age 3 F to about 42% of the
age 3 F.

Sensitivity runs at various terminal F's indi-
cated a flat-topped exploitation pattern from age
3 and older. The exploitation pattern given
below, indicated as the reference pattern, reflects
the average conditions in 1989 and 1990 for each
stock. To examine possible results from effort
being redirected toward younger ages associated
with a "juvenile” whiting fishery, these reference
patterns were compared to patterns representing
25% and 200% of this estimate in yield and
spawning stock biomass per recruit analyses.

Table A8.  Number of length samples (# fish  Gulf of Maine - Northern Georges Bank Stock
measured) of discarded silver hake in U.S.
domestic Sea Sampling Program (DSSP) Exploitation Pattern
by defined strata (year, region, quarter Age Landings 1989 1920 200%
and mesh category) for the Gulf of Maine- 250 R £
Northern Georges Bank Stock ? et.
Gulf of Maine! Georges Bank? 1 0.049 0.070 0.280 0.500

Year 2 0.380 0.123 0.490 1.000

Qtr Mesh 1° Mesh 3* Mesh 1 Mesh 3 3 1.000 1.000 1.000 1.000
4 1.000 1.000 1.000 1.000
_ e 5 1.000 1000  1.000  1.000

1989 ' 6+ 1.000 1.000 T 1.060  1.000

Ql 17 (2323) 5 (236) - 6 (244}

@2 11 (1783} - 2 (1e02) 5 (213}

Q3  8(976) 6 (154) 16 (1927) 36 (3103) . .

Q4 10 (1134) 5 (195) 2 (251) 14 (719) Southern Georges Bank - Middie Atlantic Stock

1990
g1 8 (928) - - - Exploitation Pattern
Q2 3 (293) - 1 (84) - Age Landings 1989 1990 200%
Q3 - 2 (87) 2 (257) 9 (631} 25% Ref,

Q4 3 (341) 3 (108) 2 168) -

1991 1 0011 0025 0099  0.350
gr - 7(700) - tes 26U 5 9245 0104 0417 1.000
Q2 3(386) - - - ' ' '

3 1.000 1.000 1.000 1.000
Q3 7 (643} 3 (150) 5 (466) 2 (347)
Q4 46 (6183) B 4 (424) : 4 1.000 1.000 1.000 1.000

1992 5 1.000 1.000 1.000 1.0600

6+ 1.000 1.000 1.000 1.000
Q1 - - - -
Q2 1 (100) - - -
@3 12 (804) - 20 (1280) - Yield and Spawning Stock
@4 11 (1169) - 9(635) - Biomass-per-Recruit

Yield-per-recruit and spawning stock biom-
ass-per-recruit analyses (Thompscon and Bell
1934) were conducted to determine the affect on
the long-term yield of the silver hake stocks.
Yield and spawning stock biomass (SSB) per
recruit were accumulated separately aver both
the “juvenile” and the “adult” life history phases
of a cohorts entire life span and used to examine
the likely outcome of harvesting for both a juve-
nile {ages 0 through 2) and adult (age 3+) silver
hake fishery. Yield and SSB was calculated for
the reference exploitation pattern at age obtained
with and without discard estimates (taken from
the untuned VPA results) as described earlier,
using the 1989-1990 discard estimates.

Mean weights at age were calculated as the
average of the mean weights from the landings
and discards at age matrices weighted by num-
bers at age over the 1989-1992 period. Stock
weights used in the subsequent analysis were
taken as the weight from the length-weight equa-
tion applied to mean lengths at age derived from
von Bertalanffy growth equations Pentilla et al.
1989). Input mean weights for yield per recruit
analyses are given in the table at the bottom of
page 29,
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Landings (metric tons) by region and guarter and number of length samples (¥ fish measured) from
U.S. Domestic Sea Sampling Program (DSSP) by defined strata (year, region, quarter and mesh
category) for the Southern Georges Bank-Middle Atlantic Stock.

Year _Southern Georges Bank! Southern New England?® Middle Atlantic?®

Qtr Land. Meshl* Mesh2® Mesh3® Land. Meshl Mesh2 Mesh3 Land. Meshl Mesh2 Mesh3
(mt) (mt) (mt)

1989

1 254 - - - 2467 2{201) 2(202) 3(11) 919 4(405) 5(224) 4(108)

@2 1003 - 1(105) 3(158) 3523 2(19) 6(553) 2(202) 425 5(526) - -

Q3 515 1(25) - 5(363) 1351 1(91} 3(299) 2207 25 1{89) - -

Q4 4.5 - - - 2811 5(358) - 5{57M 131 1{102} - -

1990

a1 9.4 - - - 2928 - 3(272) BT 1194 - -6(630)

Q2 856  4{377) - - 3786 2{176) - 3(299) 167 2{156) - -

Q3 215 - - - 1974 1(57) - . 87 - - -

Q4 20 - - - 2256 - - - 118 - 1(38) -

1991

Ql 529 - - - 1556 3(169) 3(313) - a80 1{23) 2{152) -

Q2 988 - - - 2765 - - - 508 - - -

Q3 42 . - 2(9) 1083  1(63) - 9(54 1) 53 - - 1120

Q4 <1 - - - 1375 1(23) 3(144)  1{112) 213 - - -

1992

QL 1.4 - - - 1258 - -- 1400 - - -

Q2 2281 - - - 1367 1{20) - : - 716 - - -

Q3 646 - 1(70) - 868 1(69) - 2(158) 0 “ - -

Q4 6] - - - 992 1(54) - 2{62) 694 - - -

L

Southern Georges Bank region = (statistical area 524-526)
Southern New England region = (statistical area 536-613)
Middle Atlantic region = (statistical area 614-636)

Mesh Category 1 = (mesh codend < = 3,5 inches)

Mesh Category 2 = {3.5< mesh codend <5.5 inches)

Mesh Category 3 = {(mesh codend = >b.5 inches)

- Gulf of Maine - Northern Georges Bank Southern Georges Bank- Middle Atlantic

Age

Ave, weight (1989 - 1992)

Ave. weight (1989-1992

! Taken from Helser (1993) 1989-1992 period.
2 From applying length-weight equation (W=0.00000533L%%) to mean length at age from von Bertalanffy growth equations
{Pentilla et al. 1989),

Landings' Catch Stock? Age Landings Catch Stock
1 0.097 0.078 0.017 1 0.091 0.075 0.012
2 0.158 0.144 0.078 2 0.149 0.122 0.091
3 0.222 0.218 0.177 3 0.187 0.178 0.216
4 0.301 0.301 0.311 4 0.238 0.238 0.348
5 0.394 0.394 0.466 5 0.322 0.322 0.442
6+ 0.559 0.559 0.632 6+ 0.425 0.425 0.622
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Figure A4. Estimated numbers of landed and
discarded silver hake by length from the
Gulf of Maine-Northern Georges Bank
stock over the 1889-1992 period.

The maturation ogives at age of northern and
southern silver hake stocks for application of the
spawning stock biomass-per-recruit analyses were
taken from O'Brien ef al. (1993). All initialization
parameters were set equal for each stock and for
the landings and catch analyses: 1} natural
mortality (M) was assumed to be 0.40 and equal
for all ages; and 2) proportion of F and M before
spawning was set to 0.66 and 0.50 for the north-
ernt and southern stocks, respectively.
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Figure A5.

Examination of yield per recruit from expioi-
tation patterns obtained from the VPA indicated a
significant trade off between increasing harvest
on younger ages of fish in the population andloss
of yield per recruit to the “adult” fishery (Figures
A6 and B6). Increasingly higher selection (exploi-
tation) of ages 1 and 2 resulted in increasingly
greater yield per recruit from a “juvenile” fishery,
with maximum yield per recruit being obtained
from lower levels of F as exploitation was in-



1989

| Discards
{Zlandings

1015 20 25 30 35 40 45 30 S5 80

1990

—
2]
e
o]
=
= 10 15 20 25 30 35 40 45 50 55 60
S

10 -
0n 1
o 8- 1991
a 1
E °-
: 1

g ]
= ]

0 -t

10 1% 20 25 30 35 40 45 50 55 .80

1992

b

19 15 20 28 30 3% 4C 45 50 55 S0

Length (cm)

Figure B4, Estimated numbers of landed and
discarded silver hake by length from the
Southern Georges Bank-Middle Atlantic
stock over the 1989-1992 period.

creased to 200% of the reference pattern. Yield
per recruit becomes more asymptotic as exploita-
tion was increased. Although yield per recruit
increased from the “juvenile” component with
increasing exploitation on younger ages, it re-
sulted in a significant adverse effect on an “adult”
fishery: as selection on ages 1 and 2 was in-
creased to 200% of the reference pattern maxi-
mum yield per recruit decreased by nearly 35%.
In addition, F required to achieve maximum yield
perrecruit from the fishery deereased from arcund
0.6 to 0.3.

These results suggest that a harvesting strat-
egy directed toward younger ages of fish (as might
occur in a “juvenile” whiting fishery) may be
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Figure B5. Estimated numbers of landed and
discarded silver hake at age from the
Southern Georges Bank-Middle Atlantic
stock over the 1989-1992 period.

incompatible with objectives to maintain an “adult”
compoment which has traditionally supported the
silver hake fishery. While overall vield to the
*adult” fishery was significantly reduced using
the different series of exploitation scenarios in
this analysis, percent maximum spawning poten-
tial (currently used as the overfishing definition)
did not decrease as much as might be expected,
probably because most of the stock has matured
by age 2 (Figures A7 and B7). Fishing mortality
rates at 31% and 42% MSP declined from 0.51 to
0.36 and 0.39 to 0.34, for the northern and
southern stocks respectively, when discard mor-
tality was taken into account using the reference
exploitation pattern. If effort is targeted on con-
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Figure A6. Yield and percent maximum spawning

potential (MSP) per recruit from fisheries
on “juvenile” and “adult” components of
the Gulf of Maine-Northern Georges Bank
silver hake stock. Graphs compare yield
and MSP per recruit obtained from
exploitation pattern derived from catch at
age under two assumed vectors of natural
mortality at age: top graph, M=0.4 constant
over all ages; bottom graph, M=0.8 on age
0, M=0.6 on age 1, and M=0.4 on ages 2
and above.

targeted on concentrations of juveniles as indi-
cated by the 200% exploitation pattern, Fat 31%
MSP decreases to 0.29 and F at 42% MSP de-
creases to 0.25 for the northern and southern
stocks respectively.

Subcommittee Comments

Preliminary analyses were presented on the
level of discards for a range of mesh sizes from the
sea sampling database for 1989 to 1992, Al-
though these samples indicate that discard rates
can be substantial, such estimates should be
viewed as preliminary due to the spoity spatial
and temporal coverage in the sea sampling pro-
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Figure B6. Yield and percent maximum spawning
potential (MSP) per recruit from fisheries
on “juvenile” and “adult” components of
the Southern Georges-Bank-Middle
Atlantic silver hake stock. Graphs
compare yield and MSP per recruit
obtained from exploitation pattern derived
from catch at age under two assumed
vectors of natural mortality at age: top
graph, M=0.4 constant over all ages;
bottom graph, M=0.8 on age 0. M=0.6 on
age 1, and M=0.4 on ages 2 and above.

gram. Further, it shouud be noted that reliable
discard estimates can only be obtained from a
statistically based sampling program.

Sampling of commercial landings since 1982
was reviewed, Sampling has frequently been
spotty, particularly during 1992 when only 4
samples for the entire year were available from
port samples. Also, age siructures were not
available directly from port samples, but age-
length keys were derived from survey-captured
fish. Both of these factors contribute to variability
and potential bias in landings at age for recent
years. The length frequency of silver hake mea-
sured in the sea sampling program were com-
pared to that obtained in port sampling. Al-
though good agreement was seen in some years
(e.g.. statistical area 52 in quarier 2 of 1989},
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Figure A7. Yield and percent maximum spawning
potential (MSP) per recruit from the Gulf of
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some disparity was observed in other years (e.g.,
statistical area 52 in quarter 4 of 1991). The
subcommittee also notes that because the sea
sampling data are unaudited, the data must be
scrutinized prior to use.

Regarding the landings at age matrix, the
subcommittee noted that cohorts that appeared
strong in the survey did not appear to track well
through the landings matrix. The cause of this
problem is unkneown, but could result from im-
precision due to sampling variation, errors intro-
duced by using survey-derived age length keys for
the commercial landings, or to other factors such
as mixing between the two stocks.

Commercial LPUE indices derived from nomi-
nal landings over days fished by ton class, as well
as GLM analyses of LPUE indicated different
trends between different size vessels. In particu-
lar, the LPUE of ton class 4 vessels in recent years
has increased greatly relative to ton: class 2 and 3
hoats. This increase is nnevident beginning in
1988, comcident with the initiation of the Cultiva-
tor Shoals fishery. As such, the reliability of
commercial LPUE measures as indices of abun-
dance was questioned.

Spring and autumn research survey indices
for both stocks show considerable interannual
variability resulting in difficulty in tracking co-
horts through time. For both surveys, the sub-
cominittee noted a strong decline in catch/tow
between ages 3 and 4, suggesting high mortality
on these age groups or changes in catchability to
the survey. Mortality rates estimated from the
surveys show conflicting trends between the two
seasonal surveys for the northern stock. Esti-
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Yield-per-recruit (Kg)

O 0306091 21.51821242730
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Figure B7. Yield and percent meaximum spawrning
potential (MSP) per recruit from the
Southern Georges Bank-Middle Atlantic
silver hake stock under 25% and 200% of
the reference (Ref.) exploitation at age 1
and 2: 25%j) 0.025 and 0.104; Ref.)0.099

and 0.417; and 200%) 0.35 and 1.00.

mates of Z from the spring survey have been high
since 1974 (i.e., Z>1.0), and have declined during
the past four 4-year time periods. Estimates of Z
from the autumn survey, however, were less than

" 1.0, and have shown a steady increase since

1974.

Discussions of ADAPT results for both the
northerm and southern stocks concluded that
none of the results were reliable in estimating
current stock size and fishing mortality. Further,
the subcommittee felt that the problems observed
could occur for a number of reasons including:

® The boundaries between these stocks are
uncertain. Evidence presented on the
geographical distribution of survey catches
of silver hake, particularly juveniles in the
autumn, suggests that considerable mix-
ing between these stocks may occur. The
distribution of adult fish also suggests
that the stock boundary may shift season-
ally, potentially resulting in a misalloca-
tion of landings to the stocks and a mis-
match between stock boundaries and sur-
vey sirata sets between seasons.

® Sampling variation in the landings at age
matrix, and possible errors introduced by
using survey-captured fish for commer-
cial age-length keys in recent years could
be significant. Since the ADAPT proce-
dure assumes that errors in the landings
at age matrix are negligible, violations of
this assumption may result in patterns
among the residuals and unreliable re-
sults,

Percent MSP



Page 34

® Variation in the distribution of silver hake
in bottom trawl surveys and changes in
gear used could result in trends in residu-
als.

General Comments

Biological Sampling

Lack of adequate biological samples alfected
the assessment of silver hake; problems were
mainly associated with inadequatc port sam-
pling. In 1992, only four silver hake samples were
taken from the commmercial landings of the north-
ern stock. In three cases, these samples were of
king whiting (large silver hake), although this size
group comprises a very small fraction of the total
catch.

Sea Sampling

Sea sampling data were used in the silver
hake assessments to estimate discards. When
the available data were stratified spatially and
seasonally within each year, the number of cbser-
vations within each cell in was usually quite low.
Further, incomplete coverage of the commercial
fishery by sea sampled trips often led to missing
cells when the stratification was too fine-scale.
This often led to high variance on the discard
estimates and/or problems with imbalanced de-
signs when attempting ANOVAs.

Because of the various gears and mesh sizes
in use in the Northeast mixed groundfish fishery,
discards within each component must be esti-
mated separately. Expansion to total discards
must be performed using some fishery-based
raising factor such as total catch or effort. Often,
the commercial weighout data are insufficient to
allocate total catch by factors such as mesh size
which is needed to determine the proportion of
sea sample '
coverage to total activity within each gear/mesh
stratum.

Lack of sea sampling coverage prior to 1989
requires the use of other measures as a surrogate
for the sea sampling data based, in part, on
relationships determined from the 1989-1992
period. In some cases research vessel survey data
can be used to approximate the discard, but this
approach requires several assumptions regard-
ing the distribution of fish and fishing activity
with respect to the survey sampling design.

The subcommittee has reservations about the

general use of sea sampling data for discard
estimation without regard to the above caveats.
We would like to request that the SARC address
the issue of sea sampling coverage generically for
all species rather than on the species by species
basis that has prevailed in the past.

Research Recommendations

e Thesubcommittee strongly recommends
that the stock structure of this resource
be closely examined in order to deter-
mine the most appropriate aggregation
of landings at age and survey data.

e Thesubcommittee recommends that the
survey series be evaluated to 1) deter-
mine appropriate strata sets to account
for possible differences in distribution
between years 2) determine evidence of
mixing between stocks 3) determine ef-
fect of transformations (e.g., logarith-
mic or delta) in reducing the impact of
unusually high tows.

® Thesubcommittee recommends thatthe
adequacy of the statistical design of the
sea sampling program for estimating
discards of silver hake be evaluated.
The subcommittee notes that this evalu-
ation should be done across several
species and that sampling designs need
to reflect the priorities given to each
species.

e Seasampling is not yet substitutable for
port sampling. Thus, port samples for
length composition are essential to esti-
mate landings at age. Since age-struc-
tures collected in the survey do not
adequately cover commercially caught
fish, the subcommittee recommends that
age siructures be collected from either
the port sampling or sea sarnpling pro-
grams.

® Thesubcommittee recommends that the
spring and summer Canadian surveys
be evaluated for use as tuning indices
and as indicators of silver hake geo-
graphical distribution.

e The developing fishery for juvenile silver
hake should be carefully monitored to
establish whether it is targeting concen-
trations of small fish or simply landing
catches that otherwise would have been
discarded. From a scientific basis it
would be beneficial to take observers
aboard trips that target juvenile silver
hake, optimally when participating in

LR
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an experimental fisheries program. This
data collection effort is needed to accu-
mulate catch statistics, measure the
length composition of landings and dis-
cards, and provide adequate sea sam-
pling to determine discard rates.

® There is a need for a market category
designation and adequate sampling for
small silver hake («18cm) to properly
quantify the magnitude of the landings
of these juvenile fish.

® MARMAP data should be examined to
gain information on egg and larval silver
hake distribution with respect to aggre-
gation of spawning adults.
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C. SOUTHERN NEW ENGLAND YELLOWTAIL FLOUNDER

TERMS OF REFERENCE

After the Sixteenth Stock Assessment Work-
shop (SAW 16}, the Steering Committee set the
following terms of reference:

a. Assess the status of Southern New England
yellowtail flounder through 1992 and charac-
terize the variability of stock abundance and
fishing mortality rates.

b. Provide 1994 projected estimates of catch and
1995 S5B options at various levels of F.

The SARC noted several new approaches for
assessment methodology within this assessment.
These include application of a cumulative logistic
model for estimation of age-specific retention rates
by pooled fishery years, graphical methods for
examination of tuning indices and VPA model
residuals, and a stochastic stock projection tech-
nique for short term forecasting. These ap-
proaches, described in Rago, et al. (in prep), may
prove useful in other age-structured assessments,

INTRODUCTION

A unit stock of Scuthern New England yellow-
tail flounder exiending between Nantucket Shoals
and Long Island has been defined, based on
results of tagging experiments and studies of
parasite infestations. Some intermixing occurs
with stocks on Georges Bank and off Cape Cod
(Royce, et al. 1959; Lux 1963). The stock disiri-
bution is represented by U.S. Statistical Report-
ing Areas 526 and 537-539 and Northeast Fish-
eries Science Center (NEFSC) offshore bottom
trawl survey strata 5, 6, 9 and 10.

Yellowtail flounder were managed under the
International Comimnission for Northwest Atlantic
Fisheries (ICNAF), with nationally-allocated catch
quotas in 1971-1976. With the implementation
of the Magnusson Fisheries and Conservation Act
in 1976, yellowtail flounder were managed under
the New England Fishery Management Council’'s
Fishery Management Plan {FMP) for Atlantic
Groundfish from 1977-1982. From September
1982 - September 1986, the species was man-
aged under the Interim Plan, which inciuded a
minimumn possession size of 28 cm (11 in.). The
New England Multispecies FMP then imposed

Table C1. Commercial landings of yellowtail flounder
(thousands of metric tons) from Southern
New England (U.5. Statistical Reperting Areas
526, 537-539} as reported by NEFSC
weighout, state bulletin and canvas data
{U.S.), and by ICNAF/NAFO or estimated by
Brown and Hennemuth 1971 (foreign)

Year Us.™ “Foreign " Total
1960 8.3 - 8.3
1961 12.3 - 12.3
1962 13.3 - 13.3
1963 22.3 0.2 22.5
1964 19.5 - 19.5
1965 19.4 1.4 20.8
1966 17.6 0.7 18.3
1967 15.3 2.8 18.1
1968 18.2 3.5 21.7
1969 15.6 17.6 33.2
1970 15.2 2.5 17.7
1971 8.6 0.3 8.9
1972 8.5 3.0 11.5
1973 7.2 0.2 : 7.4
1974 6.4 0.1 6.5
1975 3.2 - 3.2
1976 1.6 <0.1 1.6
1977 2.8 <0.1 2.8
1978 2.3 - 2.3
1979 5.3 - 5.3
1980 6.0 - 6.0
1981 4.7 - 4.7
1982 10.3 - 10.3
1983 17.0 - 17.0
1984 7.9 - 7.9
1985 2.7 - 2.7
1986 3.3 - 3.3
1987 1.6 - 1.6
1988 0.9 - 0.9
1989 2.5 - 2.5
1990 8.0 - 8.0
1991 3.9 - 3.9
1992 1.4 - 1.4

minimum sizes of 30 cm (12 in.}), later revised to
33 cm (13 in.) under Amendment 5, effective
September 1989.

Yellowtail flounder became an important com-
ponent of the domestic demersal fishery in the
early 1930s as abundance of winter flounder
declined (Royce, et al. 1959). Total landings rose
from about 10,000 mt in 1938 to about 38,000 mt
in 1942, but declined in the 1950s, with most
landings from the southern New England stock.
Some recovery was observed in the 1960s, and
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Table C2. Comuimerciallandings at age of yellowtail flounder (thousands), Southern New England (U.S. Statistical
Reporting Areas 526, 537-539), 1973-1992
Year 1 2 3 4 5 6 7 8 Total
1973 28 2570 7169 4630 1716 1517 257 55 17942
1974 130 1766 3922 5053 2500 950 1021 196 15538
1975 170 2352 1496 973 1257 549 308 163 7268
1976 0 1396 898 245 337 391 167 188 3622
1977 66 2039 3931 392 205 253 123 160 7169
1978 21 3209 1488 1025 165 34 44 28 6014
1978 19 4972 8252 1033 428 96 24 0 14824
1980 119 4557 6324 3619 472 117 19 12 16239
1981 0 2732 6418 2449 884 128 14 0 12625
1982 56 17414 12788 1741 404 78 7 0] 32488
1883 57 13823 33242 3347 376 129 335 7 51016
1984 45 2624 132902 65687 740 244 7 14 24163
1985 166 3984 1496 1312 774 135 27 : 4 7898
1986 39 5926 2882 561 324 119 21 1 9873
1987 72 1370 2014 803 139 47 8 1 4454
1988 o 1154 504 407 101 17 6 0 2189
1989 0 5213 1269 280 41 3 0 0 6806
1990 0 415 18476 1352 68 5 0 0 20316
1991 0 253 2230 6606 81 1 17 0 9188
1992 0 301 896 1687 246 10 3 0 3143

estimated landings from the stock peaked at
33,200 mt in 1969, including a foreign fishery
that also harvested the stock between [(965-
1974. Landings declined to 1,600 mt by 1976.
Although landings briefly averaged 13,500 mt in
1982-1983, they quickly declined to a new record
low level of 800 mt in 1988. A second quick
increase in landings to 8,000 mt in 1990 was also
short-lived.

I 1992, total cotnmercial landings were 1,400
mit, 500 mt above the 1988 record-low level, and
the second-lowest level in the landings history of
the stock (1935) (Table C1). There is no recre-
ational fishery for this stock.

Landings Data

Commercial landings for 1973-1992 were
derived from the NEFSC commercial landings
files by stock area (U.S. Statistical Reporting
Areas 526, 537-539). A landings-at-age matrix
{Table C2) was developed from quartierly length
samples and age-length keys from the commer-
cial fishery as described in Conser, et al. (1990).

Landings Per Unit Effort

A general linear model (GLM) was fitted to
landings and data collected by interview from

trips reporting otter trawl landings of vellowtail
flounder in the NEFSC weighout data base, 1973-
1992 (Table C3). Year, calendar quarter, statis-
tical area and tonnage class (one digit)] were
included as explanatory variables. Models in-
cluding year-quarter, year-area and year-ton-
nage class interactions indicated that although
statistically significant, addition of these interac-
tion effects did not improve model fit substan-
tially (e.g., changes in R® from 0.30 to 0.34, with
F levels of interaction effects one to two orders of
magnitude smaller than main effects. Effort was
standardized relative to tonnage class 4, quarter
4, area 539, 1992.

As reflected by the low values of R?, effect of
standardization of southern New England effort
was minimal (Figure C1). Effort increased from
low levels in 1976 to reach high levels in 1983-
1986, before dropping sharply by 1988, A sec-
ond, higher peak followed in 1990, and effort in
1992 dropped to just below 1983-1986 levels.

Retransformed year coefficients provided
LPUE-based indices of abundance (Figure C2).
Because the largest bias correction changed the
retransformed value by only 0.1, bias correction
was omitted. The index déclined to low levels
between 1975-1978, increased abruptly in 1979,
peaked in 1983 and then declined rapidly. It
remained at very low levels from 1984-1989,
increasing briefly in 1990-1991, then reaching
the second lowest level in the series in 1992,
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Table C3. General Linear Model of commereial landings per day fished, Scuthern New England yellowtail
flounder, 1973-1992, all otter trawl trips landing yellowtail flounder; raw and standardized effort
(days fished)

SOUTHERN NEW ENGLAND ALL TRIPS
YEAR TC QTR AREA MODEL

General Linear Models Procedure
Dependent Variable: LNCPUE

Source DF Sum of Squares Mean Square F Value Pr>F
Model 27 28528.70194731 1093.65562768 384.64 0.0001
Error 24752 70377.2396475H4 2.84329507
Corrected Total 24779 99905.94159484
R-Square C.V. Root MSE ILNCPUE Mean
0.295565 -209.2428 1.68620730 -0.80586160
Source DF Type III §8 Mean Square F Value Pr>F
YR 19 18318.62912448 964.13837497 339.09 0.0001
TC 2 647.21186765 323.60593383 113.81 0.0001
QTR 3 3746.52085535 1248.84028512 439.22 0.0001
AREA 3 4945.30027623 1648.43342541 579.76 0.0001
Parameter Estimate T for HO Pr> ITI S$td. Error Effort
PArameter = 0 of Estimate Raw Standardized
INTERCEPT -3.059844345 B -37.93 0.0001 0.08066421 4024.5 12595.8
73 2.504344277 B 30.78 0.0001 0.08136161 3985.5 12163.1
74 2.044176703 B 23.83 0.0001 . 0.08576459 3129.2 9613.1
75 1.437375238 B 16.41 0.0001 0.08761736 = 2185.8 6421.2
76 1.166022859 B 11.80 0.0001 0.09877896 2525.6 7256.3
77 1.751490345 B 21.62 0.0001 0.08099934 2985.7 8009.7
78 1.383929675 B 17.22 0.0001 0.08038340 3474.1 8506.9
79 2.383667723 B 30.861 0.0001 0.07787105 3758.4 11667.2
80 2.273453081 B 28.87 0.0001 0.07875817 3307.8 8426.3
81 2.365619494 B 28.98 0.0001 0.08162966 4279.5 10405.3
82 2515141498 B 32.19 0.0001 0.07812460 6775.0 17870.7
83 2.710038649 B 36.37 0.0001 0.07451482 6749.1 19169.4
84 1.660875861 B 21.93 0.0001 0.07573459 6115.6 17231.3
85 0471066233 B - 6.03 : 0.0001 0.07817293 5860.7 16211.9
86 0.619008115 B 7.71 0.0001 0.08028403 4023.3 11356.3
87 0.294022793 B 3.51 0.0004 0.08368602 3479.5 8815.0
88 -0.072747502 B -0.84 0.4032 0.08702168 5167.0 15374.0
89 0.266527144 B 3.22 0.0013 0.08283181 8652.2 27966.0
90 1.350158462 B 17.75 0.0001 0.07605249 6675.1 21159.6
91 0.943573559 B 11.64 0.0001 0.08102960 5356.1 14605.7
92 0.000000000 B . . . '
TC 2 -0.471197765 B -8.85 0.0001 0.05324481
3 0.025010997 B 0.57 0.5679 0.04379570
4 0.000000000 B . . .
QTR 1 0.790950583 B 27.82 0.0001 0.0284353b
2 0.001325153 B 0.04 0.9657 0.03078819
3 -0.162366598 B -4.91 0.0001 0.03309455
4 0.000000000 B . . .
AREA b26 1.079795774 B 31.20 0.6001 0.03460707
537 0.348962897 B 10.51 0.0001 0.03321196
538 -1.384298493 B -14.69 0.0001 0.09426144

539 0.000000000 B
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Figure C1. Otter trawl effort, Southern New England
yellowtail flounder, raw and standardized
days fished, all trips landing yelowtail
flounder, 1973-1992.

Discard Data

A wide variety of methodologies were em-
ployed to estimate numbers of yellowtail flounder
discarded by age group. In many instances the
estimates fluctuated widely by year and quarter
within year. Such fluctuations include sampling
variability and process error {or alternatively,
model misspecification). To reduce these effects
of this variation, Conser, et al. (1991) used
nonlinear least squares to fit a cumulative logis-
tic function teo estimated discard fractions by age
group within a cohort (year class}. The cumula-
tive logistic function has several attractive prop-
erties for smoothing discard data. First, it is
bounded by zero and one, as are the observed
input data. Second. the function is monotoni-
cally increasing, thereby modeling the general
tendency of fisheries to become inereasingly effi-
cient at capturing older and larger fish. Finally,
the parameters correspond to easily interpreted
concepts of 50% retention and the rate of in-
crease In retention with age.

The general logistic model for retention can
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Figure C2. Standardized index of abundance from
commercial landings per unit effort data,
Seuthern New England yellowtail flounder,
1973-1992,

be written as:

R=1- 1
K, -Age]

(1)
L+exp| -

a

where Ris fraction of catch retained, K, is the age
at 50% retention, a i= the slope of the regression
and Age is the age group.

Equation 1 was fit to cohorts (year class) in
Conser, et al. (1991) for the 1970 to 1988 year
classes, Smoothing along cohorts was based on
the general premise that strong year classes tend
to "attract” fishing effort, thereby increasing the
rate of discarding at earlier ages. In other words,
high rates of discarding become feasible for fish-
ermen when high levels of landings can be ob-
tained from a cohort. When estimated discard
proportions from the 1991 and 1992 fishery
years were appended to the cohort-based ap-
proach, the statistical fitting procedure produced
erratic results. In some instances the retention
proportions were lower in 1991 and 1992 than in
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previous years for the same cohort. These results
suggested that a fishery year approach would be
more appropriate. In particular, the implementa-
tion of a 13 in. size limit in 1989 would be
expected to have a marked effect on discarding
rates. Equation 1 was applied to pooled years
and generalized to allow for testing of differences
among pooled fishery years.

To compare two groups the model was gen-
eralized as :

1
K, + BX - Age
a+yX

R=1-
(2)

1 +exp{ -

where X is dummy variable equal to O for obser-
vations in group 1 and equal to 1 for group 2, f
and yare parameters related to the group effect on
K, and a, respectively. Equation 2 can easily be
generalized to more than two groups by adding
more dummy variables. Equation 2 was applied
to pooled data for the 1985-1988 and 1989-1992
fishery vear groups. Statistical significance of
the K, a, B, andy parameters was approximated
by computing the 95% confidence bounds using
the asymptotic standard error of the estimates.
Reduced parameter models were selected when
the approximate confidence interval overlapped
with zero. The following text table sumrmarizes
the model estitnates and approximate confidence
intervals.

Corrected Para- Est. Approx.
R? meter 95% C.I
0.83356 K 2.234 [2.1281, 2.3393]
B 1.238 [1.0054, 1.4702]
a 0.2029 [0.1186, 0.2872]
¥ 0.6435 [0.4139, 0.8731]

Results suggested that the four-parameter
model, with a significant pertod effect on both K
and a, was appropriate. Changes in minimum
size regulations, growth rates, or fishing patterns
may have effected significant changes in K_, and
a. The statistical fit for this stock is summarized
in Figure C3. Analyses of residuals suggested no
significant departure from normality.

Overall, the cumulative logistic function was
judged to be an effective means of aggregating
and smoothing the age specific retention rates.
Additional work is needed to apply the model to
fishery years prior to 1985, Statistical tesiing of
~ similar management measures in previous years

----- i3 = R
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2
§ 0.6 - 5 =
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Figure C3. Observed age-specific retention rates and
smoothed values for 1983-1992 for the
Southern New England stock of yellowtail
flounder. Circles denote observations from
1985-1988: the solid lijne is the smoothed
prediction from the nonlinear fit of the
cumulative fogistic distribution function:
Reten = 1 - 1/(1+exp(-(2.2368 - Age)/
0.2029)). Triangles represent observed
retention rates for 1989-1992. Rates for
the 1987 year class within this period are
indicated by stars. Retention function is:
Reten=1-1/{1+exp(-(3.47 - Age) /0.8464)).

should also be conducted. Smoothing models
are appropriate for discard rates in view of the
noisy and potentially biased estimales associ-
ated with nonrepresentative sea-sampling, im-
precise interview data, and reliance on the survey
data for estimation of the true population length
at age.

The SARC discussed potential reasons for the
change in retention pattern in 1989-1992 rela-
tive to 1985-1988. The decline in proportion
retained at age in 1989-1992 could be due to
implementation of higher minimum fish size {13
in. vs 12 in} after 1989, a change in growth
patterns, or a combination of the two factors.
Although a decline in mean length at age was
observed from research survey catches, mean
weights at age in landings do not appear to be
changing, But of course, mean weights in the
landings should increase for age groups not fully
vulnerable to the length limit, unless the length-
weight relationship has changed over time. Con-
sequently, further study of the potential interac-
tion between fishing mortality and growth rates
is warranted.

When landings {L) were available for a given
age class, the smoothed retention function was
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Table C4. Estimated discard at age of yellowtail flounder (thousands), Southern New England, 1973-1992

Year Age

1 2 3 4 5 6 7 8 Total
1973 160 2486 1130 43 0 0 0 0 3819
1974 728 26068 793 4h 0 0 0 0 28134
1975 8670 1427 1 10 0 0 0 0 10108
1976 214 5203 14 8] 0 o 0 0 5431
1977 5376 2732 42 0 0 0 0 0 8150
1978 8677 10102 7 0 0 o 0 0 18786
1679 185 14253 119 0 0 0 0 0 14557
1980 869 5441 18 0 0 O 0 0] 8328
1981 38 4013 319 o 0 0 0 0 4370
1982 113 17716 905 3 0 0 0 0 18737
1983 2469 4607 5373 17 0 0 0] 0 12466
1984 465 3107 841 74 0 0 0] 0 4587
1985 2064 3031 20 0 0 0 0 O 5115
1986 423 3754 39 0 0 ] 0 0 4216
1987 1518 2034 19 0 0] 0 0 0 3672
1988 5899 896 4 0 0 0 0 0 6798
1989 24 14002 1834 131 6 0 0 O 15996
1990 192 1633 23709 673 11 0 0 0 26217
1991 445 1354 2820 2883 12 0 0 0 7514
1962 477 1152 1086 659 33 0 0 0 3408

Table C5. Total catch at age of yellowtail flounder (thousands), Southern New England, 1973-1992 '

Year Age

1 2 3 4 5 6 7 8 Total
1973 188 . 5056 8299 4673 1716 1517 257 55 21761
1974 858 28334 4715 5098 2500 950 1021 196 43672
1975 8840 3779 1497 983 1257 549 308 163 17376
1976 214 6599 912 245 337 391 167 188 9053
1977 5442 4771 3973 392 205 253 123 160 15319
1978 8698 13311 1495 1025 185 34 44 28 24800
1979 204 19225 8371 1033 428 96 24 0 29381
1980 988 9998 _ 6342 3619 472 117 19 i2 21567
1981 38 6745 6737 2449 884 128 14 0 - 16995
1982 169 35130 13693 1744 404 78 7 0 51225
1983 2526 18430 386156 3364 376 129 35 7 63482
1984 510 . B731 14843 6661 740 244 7 14 28750
1985 2230 7015 1516 1312 774 135 27 4 13013
1986 462 9680 20921 561 324 119 21 1 14089
1987 1590 3404 2033 803 139 47 8 1 8026
1988 5899 2050 508 407 101 17 6 0 8987
1989 24 19215 3103 411 47 3 0 0 22802
1990 192 2048 ) 421856 2025 79 5} 0 0 46533
1991 445 1607 5050 9489 93 1 17 0 16702
1392 477 1453 1982 2347 279 11 3 0 6551

used to estimate discards (D} as D = L/R - L.  prep.) were used to impute the number of fish
When landings data were not available, other  caught, but not landed.

procedures incorporating research length distri- Commercial landings (Table C2) and discard
bution data (Conser, et al., 1981; Rago, et al., in  at age {Table C4) were summed to provide a total
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Figure C4. Age composition of commercial landings
and discards, Southern New England
vellowtail flounder, 1988-1992.

Proportion Discarded

Figure C5. Proportion of total catch aged 1 to 3
discarded quarterly, Southern New
England yellowtail flounder, 1973-1993,

catch-at-age matrix (Table C5, Figure C4). The
proportion of catch derived from discards is sum-
marized in Figure C5. From 1989-1991, landings
were dominated by the 1987 vear class. Age 1
fish were absent from landings since 1988, which
may have been reinforced by minimum size regu-
lations implemented in 1989. The age structure
of the landings has continued to become more
truncated. Between 1977 and 1986, landings of
fish age 5 and older averaged 665,000 annually
{3.25% of total landings, average). Between 1987-
1992, an average of 143,000 fish age 5 and older
were landed per year (1.57% of total landings,
average). Mean weight in the landings {s summa-
rized in Table C6.

STOCK ABUNDANCE INDICES

Indices of age-specific stratified mean catch
per tow (Figure C6) were available from NEFSC
spring and autumn bottom trawl surveys {Table
C7, 1968-1993; Table C8, 1963-1992; respec-
tively) and from NEFSC scallop surveys (Table
C9, 1982-1992). Aggregate indices in 1992 were
the lowest in the time series for autumn trawl and
scallop surveys. The aggregate index in the 1993
spring survey was the second lowest in the {ime
series. Age-specific indices generally indicated
relatively weak year classes since 1989. Age
distributions in trawl survey catches have be-
come more truncated over the past ten years,
with few or no catches of fish aged 5 or older. The
SARC noted the absence of statistical adjust-
ment for the effects of vessel (Albatross IV vs
Delaware I) and otter trawl door changes over
the course of the fall and spring surveys. Al-
though the statistical adjustment factors are
small (<15%), and do not affect the conclusions of
the assessment, the SARC suggested adjustment
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Table C6. Mean weight (kilograms) at age of Southern New England yellowtail flounder in landings, 1973-1992
Age

Year 1 2 3 4 b 6 7+
1973 0.210 0.298 0.381 0.420 0.430 G.506 0.611
1974 0.203 0.308 0.359 0.429 0.477 0.476 0.518
1975 0.218 0.290 0.385 0.439 0.436 0.469 0.515
1976 - 0.303 0.427 0.528 0.533 0.568 0.603
1977 0.215 0.284 0.385 0.521 0.529 0.484 0.612
1978 0.234 0.296 0.402 0.543 0.710 0.791 0.677
1976 0.189 0.301 0.366 0.476 0.590 0.684 0.679
1980 0.206 0.281 0.384 0.499 0.680 0.891 1.182
1981 0.140 0.262 0.343 0.484 0.619 0.664 0.476
1982 0.226 0.263 0.354 0.502 0.661 0.821 0.956
1983 0.175 0.262 0.341 0.499 0.671 0.829 0.838
1984 0.182 0.239 0.298 0.388 0.497 0.652 0.724
1985 0.183 0.264 0.370 0.428 0.541 0.620 0.867
1986 0.186 0.285 0.335 0.470 0.598 0.617 0.804
1987 0.247 0.268 0.361 0.412 0.542 0.595 0.805
1988 - 0.293 0.398 0.501 0.664 0.936 0.937
1989 - 0.337 0.389 0.546 0.736 0.959 1.278
1990 - 0,327 0.378 0.461 0.800 0.884 0.781
1991 - 0.336 0.379 0.426 0.715 1.530 0.599
1992 - 0.347 0.386 0.460 0.631 0.802 1.432
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Figure C6. Number by age group of yellowtail flounder
caught per tow during NEFSC fall (1963-
1992), spring (1968-1993), and scallop
{1982-1992) research surveysin Southern
New England.

in future assessments. A newly-released version
of the survey analysis program (SURVAN 6.0) will
make these adjustments automatically.

The SARC also noted that comparisons among
age-specific survey indices revealed highly sig-
nificant correlations within and between years,
especially for the fall and spring surveys {(Rago, et
al. in prep). These results suggest that the
NEFSC survey data provide a coherent set of
tuning indices for Virtual Population Analysis
(VPA).

Northeast Fisheries Science
Center Winter Trawl Survey

The NEFSC winter trawl survey, implemented
in early 1992, is designed to improve sampling of
flatfishes through gear modification (elimination
of roller gear, use of longer sweeps in front of
doors) and survey timing (during period of poten-
tial offshore concentration). For yellowtail floun-
der, winter survey performance varied widely
between the two years examined, 1992-1993, as
well as when compared with other surveys (Table
C10). The total number of stations within survey
strata was comparable to that for spring and fall
surveys for Southern New England. However,
the placement of stations in 1993 appeared to
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Table C7. NESFC spring trawl survey mean number of Southern New England yellowtail flounder per tow at
age (NEFSC offshore strata b, 6, 9 and 10}
Agde

Year 1 2 3 4 5 6 7 8 Total

1968 1.362 25.000  26.158 15.575 0.726 0.138 0.055 0 70.013
1969 4.182 16.284 22.345 12.029 2.082 0.234 0] 0 57.156
1970 1.218 8.745 16.364 11.587 3.333 0.898 0.193 0.079 42.417
1971 0.874 9.281 6.983 19.397 4,971 0.793 0.009 0.009 42.317
1972  0.403 17.905 12.678 3.767 7.224 1.115 0.211 0 42.703
1973 1.877 10,488 ~ 18.340 9,053 6147 9.514 1.1837" " 0,658 ~'57.260
1974 1.070 4.288 3.356b6 3.650 2.376 0.8586 1.390 0.278 17.263
1975  0.809 2.244 0.721 1.110 1.169 0.679 0.047 0.211 6.990
1976  0.037 4.702 0.761 0.361 0.435 0.361 0.227 0.073 6.957
1977 0.296 1.804 2.244 0.239 0.249 0.118 0.035 0.148 5.131
1978 4,275 14.113 2.924 1.032 0.270 0.052 (.068 0.199 22.933
1979 2.224 4,843 2,512 0.510 0.159 0 0 0.012 10.260
1986 0.534 6.208 4.729 3.911 0.420 0.168 0.008 0.056 16.034
1981 0.344 14.634 5.243 2.170 0.788 0.079 0 0 23.258
1982  (0.321 13.548 7.193 1.754 0.583 0.179 0.019 0 23.637
1983 0.074 3.197 10.587 0.868 0.2586 0 0 0 14.982
1984 0 0.410 1.351 2.141 0.545 0.183 0 0 4.630
1985 0.561 0.744 0.417 0.201 0.454 0.093 0 0 2.470
1986  0.037 4,083 1.492 0.308 0.073 0.038 0 0 6.029
1987 0O 0.198 0.919 0.144 0] 0] 0 0 1.261
1988 0.327 0.692 0.177 0.245 0.127 0 0 0 1.568
1989 0.178 12,127 0.710 0.078 o 0 0 0 13.093
1990 0.107 0.433 22.346 4.464 0.036 0 0 0 27.386
1991 0.552 0.363 1.850 5,275 0.600 0.130 0 0 8.770
1992  0.037 0.115 0.322 1.414 0 0 0 0 . 1.888
1993 0.037 0.579 0.203 0.547 0.039 0 0 0 1.405

leave arcas southeast of Nantucket unsampled.
These areas may provide higher catches, based
on some spring survey distribution information.
Consequently, some differences between years
(e.g., the higher proportion of stations with yel-
lowtalil flounder in

1992 vs 1993) may be due to station distribution,
although the continued decline in stock size may
also be important.

For Southern New England, the winter sur-
vey produced higher catch rates in weight and
number than spring and autumn surveys in
adjoining seasons, although coefficients of varia-
tion were generally higher than for spring survey
results. The survey captured some age 1 fish.
Results based on the first year would appear
promising, but it is difficult to determine if the
change in performance in 1993 were due to
inherent interannual variability for a survey in
this season, lower sampling intensity, changing
spatial distribution of sampling (or stock) in the
second year, or declining stock conditions. This
inconsistency will likewise make evaluation of
this index’s performance in tuning virtual popu-
lation analyses difficult.

ESTIMATES OF STOCK SIZE
AND FISHING MORTALITY

Virtual Population Analysis

Virtual population analyses were tuned by
estimating numbers at age surviving after the
terminal year, and age-specific survey
catchabilities, using weighted non-linear least
squares fitting procedures (ADAPT, Gavaris 1988;
Conser and Powers 1990). Survivors at ages 1 to
3 and 5 (1993) were estimated as were
catchabilities for NEFSC spring survey catch/
tow indices of age 1 to 4 and 5+ abundance,
NEFSC scallop survey catch/tow indices of age 1
to 3 and 4+ abundance, and NEFSC autumn
survey catch/tow indices of age 1 to 3 and 4+
abundance. Spring survey indices were com-
pared with 1 January stock sizes at ages 1 to 4
and 5+ while scallop and autumn survey indices
were compared with mid-year stock sizes at age
1 to 3 and 4+. The survey indices in the objective
function were weighted to reduce the effect of
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Table C8. NEFSC autumn trawl survey mean number of Southern New England yellowtail flounder per tow at
age (NEFSC offshore strata 5, 6, 9 and 10)
Age

Year 1 2 3 4 5 6 7 8 Total

1963 16.228 16.531 12.262 4.779 0.541 0.124 0] 0.082  50.547
1964 18.466 26.190 4.804 7.132 3.265 0.908 0] 0] 60.765
1965 10.845 17.533 6.370 1.754 1.776 0.127 0 0.074  38.479
1966 35.496 10.710 1.947 1.022 0.189 0 0 0 49.364
1967 18.440 25.540 11.243 1.587 0.387 0.065 0.131 0 57.393
1968 9.250 10.944 18.738 1.183 0.094 0 0 0 40,209
1969 11.870 9.741 27.755 5.206 0.093 0.041 0.041 8] 54.747
1970 4.227 5.521 16.341 10.624 2.514 0.426 0.073 o 39.726
1871 6.351 10.900 6.244 15.138 2.694 0.216 0.161 0 41.704
1972 4.208 16.496 19.716 18.847 12,288 1.680 0.044 0 73.280
1973 1.415 1.303 1.823 1.344 1.017 0.866 0.174 0 7.942
1974  0.997 1.678 0.554 2.275 0.956 0.401 0.195 0.076 7.132
1975 1.624 0.423 0.218 0.27 0.274 0 0.085 0 2.894
1976 2.977 6.009 0.719 0.072 0.114 0.296 0.347 0.155 10.689
1977 1.696 2.194 0.798 0.051 0.044 0.109 0.075 0 4.967
1978  3.131 7.328 0.434 0.378 0.041 0.009 0.076 0.031 11.428
1979  1.730 4.371 2.446 0.374 0.041 0.040 0 0 9.002
1980 1.411 4.345 1.159 0.411 0 0 0 ¢ 7.326
1981 4,536 8.625 1.354 0.322 0.077 0.059 0 0 14.973
1982 2,139 24.075 7.109 0.840 0.335 o 0 0 34.498
1983 3.756 14.718 8.261 0.718 0.060 0 0.041 0 27.554
1984 0.589 1.817 1.967 0.540 0 0 0 0 4.913
1985 1.198 0.5286 0.188 0.144 0 0 0 0 2.057
1986 0.972 1.982 0.428 0.103 0 0 0 0 3.486
1987 1.515 0.674 0.558 0.047 0.037 0 0.037 0 2.868
1988 1.484 0.457 0.203 0.229 0.056 0 o 0] 2.429
1989 0O 9.416 1.647 0.077 0 0 0 0 11.140
1980 0O 0.114 2.818 0.318 8] 0 0 0 3.250
1991 0.944 0.258 2.011 0.533 0 0 0 0 3.746
1992 0.261 0.037 0.111 0.443 0 0 0 0 0.852
Table C9. NESFC scallep survey mean number of Southern New England yellowtail flounder per tow at age

Age

Year 1 2 3 4 5 6 7 8 Total

1982 0.584 2.404 0.559 0.054 0.013 0 0 0 3.614
1983 0.891 0.652 0.417 0.038 0 0] 0 0 1.998
1984 0.205 0.130 0.127 0.033 0.031 0 0 0 0.526
1985 0.647 0180 0.027 0.023 0.010 0 0 o 0.887
1986  0.282 0.395 0.051 0.028 o 0 0 0 0.756
1987  0.601 0.086 0.075 0.011 0.006 0 0.004 0 0.783
1988 1.343 0.047 0.054 0.008 0.001 0 0 0 1.453
1989 0.169 3.878 0.576 0.039 0.014 0 0 0] 4.676
1990 0.026 0.180 0.592 0.038 0 o 0 0 0.836
1991 1.060 0.007 0.295 0.040 o 0 0 0 1.402
1992 0.411 0 0.012 0.086 0 0 0 0 0.509




Table C10. Summary of the NEFSC survey data fpr yellowtail flounder - Southern New England stock 1291-1993 (offshore strata 5-6, 9-10, 33-48)

Survey Total # Percent Strata CcVv Strata Ccv Mean Length Largest Largest

Stations Stations Mean Mean Length Range Tow Tow
in Strata with YT kg/tow #/tow (cm]} (cm) {kg) {#)
Spring 26 0.73 2.79 13.2 8.77 12.7 31.72 9-49 85 29
1991 ‘
Seallop 52 0031 - - - 1.43 33.7 23.35 3-38 - 12
1991
Autumn 26 0.54 1.01 29.2 3.75 33.0 30.52 20-40 4.5 24
1991
Winter 28 0.72 4.33 20,2 12.23 20.3 33.286 8-46 246 : 71
1992
Spring 25 0.56 0.65 30.9 1.93 31.1 32.66 9-42 4.5 14
1992 :
Scallop 52 0.15 - - 0.51 37.2 23.97 16-42 - 6
1992 ' '
Autumn 26 0.23 0.23 48.4 0.85 47.5 31.27 23-40 2.7 10
1992

Winter 24 0.46 1.97 45.6 8.07 43.7 27.21 7-44 24.1 81
1993 '

v abed
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Figure C7. Southern New England yellowtail flounder. A. Trends in commercial lanings and fishing mortality, 1973-1993. B. Trends in spawning stock
biomass and recruitment. 1972-1993. C. Yield and spawning stock biomass per recruit. D. Shori-term landings and spawning stock biomass

stochastic projections, low 1993-1994 recruitment.

Lrebeq



Fage 48

Table Cli. Results of ADAPT tuning, virtual population analysis. Southern New England vellowtail flounder

A} Stock Numbers

STOCK NUMBERS (Jan 1) in miilions - SNE92

] 1973 1974 1975 1976 1977 1978 1979 1980 1981

1 & 42,143 2.228 28.861 12.907 47.568 52.417 30.089 41.941 126.%26

2 ® 15,231 34,335 6.779 15.631 10.374 34.021 35.045 24.450 33,445

I & 19.87% 7.895 2.475 2.132  6.826 4.177 15.811 11,298 10.972

4 ® 10,104  B8.765 2.197  0.671 0.922 1.994 2.068 5.370 3.512

3 ® 3,811 4,045 2.564 0.909 0.327 0.400 0.706 0Q.780 1.123

&-® 3 443 1.567 1.048  0.961 0.439 0.082 0.178 0.1%92 0.195%

7-® 0,703 1.968  0.885 3.861 Q484 0170 0,043 - 0.049 0.021
B R S

1+8 95_314 67,803 44.809 34.072 66.939 93.261 83.940 84.080 176.195

L] 1982 1983 1984 1985 1986 1987 1988 1989 1990
e e et mm e s m e e e m e mmmm e mmmm e —— e e em—m o m———————

1 & 53,147 14.584 16.731 19.837 6.969 13.984 121.881 16.378  6.019

2 & 103.884 43,359  9.654 13.236 14.223 5.287 10.010  94.450 13.387

3w 21,280 53.266 18.823 2.719 4.489 2.886 1.249 6.341 59.942

4w Z2.388 5.032 8.67C 1.982 0.854 1.032 0.523 0.563 2.384

5s 0.661 0.786 1.077  1.07 0.435 0.192 0.119 0.060 0.089

IR 0.119 0.17% 0.304 G.212 0.177 0.063 0.031 0.006 0.007

7R 0.011 0.056 0.024 0.048 0.032 0.012 0.011 0.000 0.000
e

t+m 181,989 117,258 55.283 39.104 27.179 23.456 133.824 117.797 81.828

n 1991 1992 1993
B D

1M 3,489 5.402 2.483

2" 4. 754 2.618 3.991

38 9,107  2.438 0.829

4 |0 10.906 2.887 0.203

S e 0.119 0.343 0.240

&8 0,001 0.014 0.029

7y ® 0.022 0.004 C.001
e b e mameaaeusemeeeanan

1+w 28,599 13.705 7.776

Summaries for ages 1, 2-7, 3-7, 4-7, 5-7
n 1973 1974 1975 1976 1977 1978 1979 1980 1981
_____ G m e e e mm e M e mae i aee e amm e ——m . ——————m e m————m——eaeeamrann——-

T 42,145 9.228 28.861 12.907 47.568 52.417 30.089 41.941 126,926
Z2-7 ® 53171 58.576 15.948B 21.165 19.372 40.844 53.851 42,119 49, 249
3-7m 37941 24.2640 9,169 5.535 B.998 6.823 18.806 17.669 15.824
4-7 ®m 18,062 16.345 6.6%95 3402 2,172 2.646  2.995  6.371 4,852
5-7®  7.957 7.580 4.498 2.731 1.250 D.652 0.927 1.001 1.339

u 1982 1983 1984 1985 1986 1987 1988 1989 1990
e e et e e e e e ememaamasameeseataana - uremeevrmat T

1w 53,147 14.584 16.731 19.837 6,969 13,986 121,881 16.378 6.019
2-7 W 128,842 102.674 38.552 19,267 20.210 9.473 11,943 101.420 75.809
3-7 & 24,959  59.315 28.898 6.031 5.987 4.185 1.933 6.970 62.422
4-7 & 3,679 46,049 10,074  3.312  1.498 1.299 0.684 0.429 2.480
5-7 = 0.7%90 1.017 1.404 1.331 0.644 0,267 0.161 0,066 0.096

w1991 1992 1993 '
e et e am i ——n e —————

1 ®m  3.689 5.402 2.483
2-7 & 24,910 8.303 5.293
3-7 m 20,156 5.68% 1.301
L-T ® 11,049 3.247 0.473
5-7 ® (0,143 0,360 0.270
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Table Cl11. Continued

B) Fishing Martality
FISHING MCRTALITY - SNES2

n 1973 1974 1975 1976 1977 1978 1979 1980 1981
e bamme e memeeammmaeiceeecaemammemeaaaomee—maeaamemme - ——————
1 = 0.0049 0.1085 0.4132 0.0185 0.1352 0.2026 0.0075 0.0264 0.0003
2 W 0.4571 2.4300 0.9566 0.6285 0.7097 0.5663 0.9320 0.6013 0.2522
3 m0.6189 1.0791 1.1046 0.6385 1.0304 0.5032 0.8798 0.9683 1,1347
4 mQ0,7155 1,0293 0.6831 0.5185 0.6353 0.8391 0.8011 1.3650 1.4705
5 % 0.6885 1.1501 0.780% 0.5271 1.1806 0.6069 1.1037 1.1382 2.0441
& m0.6663 1.1086 0.8674 0.5971 1.0122 0.60%% 0.9013 1.1219 1.3043
7 m0.6663 1.1086 0.8674 0.5971 1.0122 0.609% 0.9013 1.1219 1.3043
u 1982 1983 1984 1985 1986 1987 1938 1989 1950
et aMLe-—maame—eaamsmamee-—tamaicoaeeseesaieessaaremai-mmetrasssremssuan
1 m 0,0035 0.2125 0.0343 0.1327 0.C7861 0.1343 0.0550 0.0016 0.035%
2 W 04680 0.6344 1.0673 0.8813 1.3949 1.2431 0.2566 0.2547 0.1852
3 1.2419 1.6154 2.0512 0.9579 1.2698 1.5072 0.5970 0.7784 1.5041
4L ® 1,71012 1.3427 1.8912 1.3157 1.2944 1.9632 1.9607 1.6450 2.7947
S m 71,1290 0.7512 1.4254 1.6C24 1.7297 1.6175 2.8224 1.9734 3.9943
6 m 1.2745 1.6800 2.194%9 1.2178 1.3648 1.7258 0.9253 0.8530 1.6344
7 ® 1.2745 1.6800 2.1949 1.2178 1.3648 1.7258 0.9253 0.8530 1.6344
n 1991 1992
e meee e

P T NIV RN
A EEAERRERB

Avg F for ages 1, 2-7, 3-7, 4-7, 5-7
W 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
.

1 m0.0049 0.1085 0.4132 0.0185 0.1352 0.2026 0.0075 0.0264 0.0003 0.0035
2-7 ® 08354 1.3176 0.8767 0.5845 0.9300 0.4225 0.9199 1.0567 1.2517 1.0815
3-7 @ 0.6711 1.0951 0.8607 C.5757 0.9741 0.6338 0.9174 1.1471 1.4316 1.2042
4-7 m0.6842 1.0991 0.7997 0.3600 0.9600 0.6665 0.9269 1.1917 1.5308 1.1948
5-7 ®O0.6737 1.1224 0.8386 0.5738 1.0683 0.6C89 0.9688 1.1340 1.5509 1.2260

1 m 0.2125 0.0343 0.1327 0.0761 0.1343 0.0550 0.0016 0.0359 0.1431
2-7 ® 1,2838 1.8042 1.1988 1.4037 1.6304 1.2479 1.0596 1.9582 1.6907
3-7 0w 104137 1.9515  1.2623  1.4047 1.7079 1.4461 1.2205 2.3128 1.9353
4-7 @ 1,3633 1.9266 1.3384 1.4384 1.7581 1.6584 1.3311 2.5150 2.181%
5-7 m 1.3704 1.9384 1.3460 11,4865 1.6897 1.5577 1.2264 2.4217 1.8229

n 1992
e eptetoamaa

1 w 0,1027
2-7 m 2.0843
3-7 m 2.2871
4-7 w 2.2871
5-7 m 2,287
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Table C11. Continued . ]
C.) Spawning Stock Biomass

SSB AT THE START OF THE SPAWNING SEASON - males & females (1000s MT)

& 1973 974 1975 1976 1977 1978 1979 1980 1981 1982
S A S SIS R N
1w 1,05 0.214 0.633 0.349 1.136 1.348 0.678 1.022 2.125 1.434
2 m 2.55 2.616 0.898 2.482 1.492 S5.415 4.870 3.641 5.371 15,306
3m 5,277 1.630 0.542 0.629 1.542 1.228 3,616 2.613 2.135 4.048
4 ® 2.898 2.253 0.668 0.263 0.339 0.702 0.648 1.396 0.847  0.843
5 1,132 1,099 0.743 0.358 0.097 0.203 0.242 0.298 0.273  0.251
6m 1.214 0.432 0.315 0.392 0.128 0.046 0.077 0.098 0.069 0.053
7w 0.300 0.591 0.292 0.373 0.179 0.082 0.019 0.034 0.005 0.005
RSSO SRt
C1+m. 14.431..8.835 4.092 4.845 4.934 9.024 10.151 9.102 10.806 21.941

» 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
RSOSSNSO ST ST
1 ® 0.279 ©.359 0.411 0.150 0.391 3.847 0.60% 0.213 0.086 0.103
2 W 5.938 1.007 1.648 1.543 0.575 1.794 19.488 2.759 0.698 0.379
3 m 8,354 2.151 0.508 0.799 0.501 0.349 1.608 10.916 1.858 0.311
4w 1.321 1.407 0.451 0.215 0.173 0.107 0.142  0.315 1.068 0.440
S m 0,355 0.272 0.273 0.116 0.049 0.022 0.018 0.012 0.033 0.073
6™ 0,066 0.073 0.073 0.057 0.017 0.018 0.004 0.003 0.001 0.004
7 ®m 0.021 0.006 0.023 C.013 0.C05 0.006 0.000 0.000 0.006 0.002
RARASSSINR SRRSO SRRSO SRS OO
T+m 16.334 5.276 3.487 2.894 1.710 6.144 21.869 14.219 3.749 1.312

The sbove $$8s by age (a) and year (y) are calculated following the
algorithm used in the NEFSC projection program, i.e.

$SB(a,y) =

where
N(a,y)
P{a,vy)
Wia,y)

W(a,y) X P(a,y) x N(a,y) x exp[-2(a,y}}

Jan 1 stock size estimates (males & females)
propaortion mature {generalily females)

2¢a,y) = 0.4167 x M(a,y) + 0.4167 x F(a,y)
- weight at age at the beginning of the spawWwning season

The W(a,y) are assumed to be the same as the mid-year Wweight at age estimates
(see "WT AT AGE" table in input section).

highly variable or inconsistent survey indices.
Catch at ages 7 and 8 were combined in a plus
group. The input exploitation pattern reflected
full recruitment at age 3, as in previous assess-
menis (e.g., Conser, et al. 1991). Fishing mortal-
ity for ages 7+ was assumed equal to fishing
mortality for age 6 fish. Instantaneous natural
mortality (M) was assumed to equal 0.2, as in
previous assessments. The partial recruitment
vector for the terminal year was taken from Conser,
et al. (1991); age-specific partial recruitment
values were assigned as (.02 and 0.35 for ages 1
and 2 and 1 for ages 3 to 7. The SARC suggested
further examination of the partial recruitment
vector, particularly for changes in recent years.

Fishing mortality levels obtained from virtual
population analysis have remained within high
ranges observed previously (F=1.6 from 1990
estimates, Conser, et al. 1991, Figure 7}, al-
though reliability of the estimates has deterio-
rated.  There is no analytic evidence of any
decline in fishing mortality since 1990 (Table
C11). Exploitation rates may possibly be near
85% in 1992 (comparable to 75% as estimated in
the 1990 assessment for 1990). The age struc-
ture in the stock and catches has been reduced

to the point that results of virtual population
analyses are compromniised.

Estimates of 1992 fishing mortality were falrly
insensitive to alternative definitions of plus groups
as ages 5+ or 6+ Designation of a 3+ group
implies fishing mortality for the fully-recruited
portion of the stock is defined primarily by fishing
mortality on age 3 in any year in these analyses.
Examination of the residual errors using influ-
ence and LOWESS smoothing (Rago, et al, in
prep.) revealed no significant departure from the
ADAPT model assumptions.

Stock size in numbers, although imprecisely
estimated, reflected a continuous decline since
the appearance of the 1987 year class (Table
C11). Stock numbers in 1992 were close to if not
the lowest in the 1973-1992 time series. Spawmn-
ing stock biomass likewise appeared low. compa-
rable to record-low levels in 1986-1987 (Figure
C7. C8). In 1992, the contribution of the 1987
year class to the stock numbers and spawning
stock biomass was negligible.

The three most recent year classes, 1989-
1990, were the smallest of the 1973-1992 series,
estimated at about 6, 4 and 5.5 million, respec-
tively (Figure C7). The abundance of the 1992
year class in 1993 was estimated using 1993
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Figure C9. Precision of the estimates of spawning
stock biomass for Southern New England
yellowtail flounder derived from a
statistical procedure known as bootstrap.
The vertical bars give the range and
probability of individual values within that
range. The dashed line gives the
probability that SSB is less than any
selected value on the x-axds.

spring survey data and the associated catchability
coefficient estimated from the ADAPT procedures.
The year class was estimated to be about 2.5
million, but with extremely low precision {ap-
proximate coefficient of variation of 133%).
Precision of estimates of survivors (1993) was
low, although comparable with that of the previ-
ous assessment. Approximate coefficients of
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Figure C10. Precision of the estimates of fishing

mortality for Southern New England
yellowtail flounder derived from a
statistical procedure known as
bootstrap. The vertical bars give the
range and probability of individual
values within that range. The dashed
line gives the probability that F is less
than any selected value on the x-axis.

variation ranged between 50 and 55% for esti-
mates of numbers at age, 1993, except for age 1.
Previously, approximated coefficients of varia-
tion ranged between 44 and 76% (age 1 not
estimated}. Estimates were biased 19% high for
age 2 and 5 to 6% for older ages. To address the
low precision of the estimates, 500 bootstrap
replicates were conducted. Booistrapped esti-
mates of coefficients of variation for stock sizes at
ages 2, 3, and 4 to 7+ in 1993 were 84%, 62% and
55%, after correcting estimates for bias. The
1993 age 1 value was extremely poorly estimated,
with coefficients of variation exceeding 300% and
bias exceeding 100%.

Spawning stock biomass at the start of the
1992 spawning season (1300 mt) was estimated
with little bias, and a coefficient of variation of
20%. The entire distribution of spawning stock
biomass estimates was below 2300 mt., ie, the
probability that spawning stock biomass exceeded
2300 mt in 1993 less than 1 in 500 {Figure 9).

A coefficient of variation of 20% was associ-
ated with the estimate of fully-recruited F in the
terminal year, based on bootstrap analysis. The
lowest bootstrap realization of fully-recruited F
was 1.20, i.e., the probability of F being less than
1.2 was less than 1 in 500 (Figure C10). Coeffi-
cients of variation for F at ages 1 and 2 were 68%
and 38%, respectively.



Table C12. Input parameters and projection resuits for Southern New England yellowtail flounder, landings, discard and spawning stock hiomass (000 mt).
Stock size in 1993 is based on results of bootstrap replicatlions. Recruitment is drawn randomly {rom a pool of high, medium or low observations
from the virtual population time series. Results are averaged over 500 replications. Proportion of F, M before spawning =0.4167 {peak spawning
1 May}. Mean weights at age from 1992 landings and discard at age.

Age Fishing Proportion Proportion Mean Mean Mean
Mortality Landed Mature Weight Weight Weight
Pattern Catch Landings Discards
1 0.02 0.090 0.13 0.167 0.301 0.167
2 0.35 0.244 0.74 0.316 0.347 0.308
3 1.00 0.512 0.98 0.367 0.386 0.351
4 1.00 0.773 1.00 0.430 0.460 0.353
5 1.00 0.900 1.00 0.597 0.631 0.344
6 1.00 1.000 1.00 0.779 0.802 0.276
7 1.00 1.000 1.00 1.409 1.432 0.276
1993 N .- T 1985
| ) Rec. Land. Disc. SSB Land. Disc. S58B Land. : Disc. S5B
2.3 2.3 High 564 744 1052 603 1197 2262 2686 . 6999 9860
5Q) (8Q) Med 564 744 1052 550 900 13156 1011° 2209 3034
Low 564 744 1052 535 819 1053 548 8594 1157
2.3 2.1 High 572 1112 2312 2554, 6539 10231
3¢)  [-10%) Med 524 843 1363 989" 2091 3177
Low 510 769 1101 557 864 1237
2.3 1.1 High 403 714 2548 1850 4338 11983
(5Q) (-B0%) Med 377 563 1592 835 1468 3930
Low 369 522 1327 550 . 675 1714
2.3 0.5 High 213 349 2758 1032 2164 13636
(5Q) (F,,%) = Med : 202 284 1797 542 : 781 4775

Low ‘ 198 265 1531 406 399 2336

25 obed



Yield per Recruit and Spawning
Stock Biomass per Recruit
Analyses

Biological reference peints were calculated in
1990 based on a Thompson-Bell model (Conser,
et al. 1991){Figure 7). Analyses were not revised
in this assessment because the partial recruit-
ment vector may vary over the short-term as a
function of stock and year class abundance; and
no trend in weight at age was observable. Based
on the 1990 analysis, F,, =0.22,F___=0.48 and
F ., = 0.49. Proportion discarded at age was
based on fitted retention curves (Figure C3).

Short-Term Projections

Because of the uncertainty in estimates of
numbers at age in 1993, a stochastic projection
was undertaken. Each of the 500 realized popu-
lation vectors at age in 1993 from ADAPT boot-
strap runs was projected forward through 1995
under an F option of interest. Three levels of
recruitment were considered for each F option.
For the high recruitment option, recruitments in
1993-1995 for each iteration were drawn ran-
domly from a pool of the top 33% of estimated
recruitment values from 1973-1992 (Figure 8},
consisting of seven values between 41.9 and
126.9 million. For medium and low recruitment,
recruitment was drawn randomly from pools
containing middle and lower 33% of observed
recruitment values, each containing seven val-
ues between 14.0 and 30.0 million and 2.5 and
12.9 million, respectively.

Four F options were considered:

F

1983 1894 1895

1. Status quo 2.3 2.3 2.3

2. Status quo, reduced 2.3 2.1 2.1
10% in 1994-95

3. Status quo, reduced 2.3 1.1 1.1
50% in 1994-95

4. F

20%MSP

in 1994-95 2.3 0.5 0.5

Mean landings, discard and spawning stock bio-
mass resulting from the 500 realizations are
summarized by F option, recruitment level and
year in Table C12.
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Partial recruitment for the projection was set
equal to that used in VPA (described in Conser, et
al., 1991). Weights at age were based on observed
values for 1992. Total catch at age was appor-
tioned between landings and discard based on
estimated ratios of discard {c catch, 1989-1992,
estimated from the retention curve (Figure C3).

Landings and spawning stock biomass levels
in 1993 were predicted to decline to new record
low levels under all options and recruitment
scenarios (below 600 mt and 1000 i, respec-
tively). In 1994, landings remained at or below
600 mt in all cases, and continued to decline
under medium and low recruitment scenarios, to
about 200 mt when F was reduced to F,,. By
1995, three consecutive years of high recruit-
ment could increase spawning stock biomass to
10,000 to 14,500 mt, with highest spawning
stock biomass from most restrictive F option. If
recruitmentis assumed to be totally independent
of spawning stock biomass. the probability of 3
consecutive years of high recruitment would be
(0.33)° =0.04. 1If recruitment is dependent on
spawning stock biomass, the probability of three
consecutive “high” recruitment levels would be
substantially less. Medium recruitment would
produce spawning stock biomasses ranging from
3,000 to 5,000 mt, while low recruitment would
maintain spawning stock biomass at or below
2,500 mt, although with slight increases under
more restrictive fishing mortality options. Under
three consecutive years of medium recruitment,
landings could range from 540 mt (F,, ) to 1,000
mt (F, ), with associated spawning stock biom-
asses of 4,800 mt to 3,000 mt.

The SARC noted that the projectionn method-
ology incorporated the uncertainty of the esti-
mates of stock size, and partially accounted for
the uncertainty in future recruitment. Alterna-
tive formulations of recruitment stochasticity,
including incorporation of a stock-recruitment
function, should be examined.

SUMMARY

1. Stock abundanceis at record-low levels, based
on results of research vessel surveys, and
virtual population analyses.

2. Stock abundance has declined continuously
since the recruitment of the 1987 year class.
This year class is absent or insignificant in
age-structured indices of abundance and
landings in 1992.
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3. The three most recent year classes, 1989-
1991, appear to be among the poorest ch-
served over the 1973-1992 period examined
here. From initial indications of the NESFC
spring survey, the 1992 year class is likely to
be below average.

4. The age structure of the stock has become
truncated in recent years to contain few or no
fish older than age 5.

5. Fishing mortality rates are wellin excess of
biological reference levels, with exploitation
rates of approximately 85%.

6. Traditional analytic techniques including vir-
tual population analysis, and separable mod-
els are compromised for this stock by trun-
cated age structure in the stock, and likely
changing fishery targeting patterns with year
class strength or regulation., Precision of
assessment results is declining with stock

.status,

RESEARCH RECOMMENDATIONS

® Evaluate potential changes in growth, sex
ratios and maturity related to increased fish-
ing pressure, decreasing stock size, and pos-
sibly, water femperature.

e Evaluate potential bias in length frequency
distributions and age-length keys arising from
cluster sampling by sex.

® Develop sea sampling coverage to allow direct
estimation of discards for all seasons of the
fishery.

@ I[nvestigate alternative models for population
assessment.
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D. BLUEFISH

TERMS OF REFERENCE

The following terms of reference were estab-
lished for bluefish by the Steering Committee:

a. Agree on standard aging methodology and/or
length-based aging methods for bluefish.

b. Compile catch at age for commercial and
recreational bluefish fisheries from Maine to
Florida.

c¢. Compile research catch per tow indices for
bluefish from available state and federal sur-
veys from Maine to Florida.

d. Assess the status of bluefish through 1992
and characterize the variability of stock abun-
dance and fishing mortality rates. Review
past biological reference points and update
as rnecessary.

e. Provide 1994 projected estimates of caich
and 1995 SSB options at various levels of F.

The Stock Assessment Workshop (SAW) Pe-
lagic/Coastal Subcommittee met on October 25-
268, 1993 and on November 16, 1993 at the
Connecticut Division of Marine Fisheries in Old
Lyme, Conn, to initiate a reassessment of the
status of Atlantic coast bluefish in response to
direction from the SAW Steering Committee. At
the October meeting, the Subcommittee consid-
ered terms of reference A-C, and developed a
consistent series of catch at age data and fishery
independent survey indices. Results of the initial
meeting and associated data are included in this
report. Based on the acceptance of the catch at
age matrix, the data were distributed to Subcom-
mittee in early November for analysis with retro-
spective techniques including ADAPT tuning of
VPA (Parrack 1986, Gavaris 1988, Conser and
Powers 1990) and CAGEAN {Deriso, et al. 1985;
catch-age analysis). At the November meeting,
several trial runs using both methods were con-
sidered, using different underlying assumptions
and combinations of tuning indices, but the
Subcomimittee was unable to reach a consensus
on estimates of stock size and fishing mortality
rates. Therefore, terms of reference D and E were
not met.

INTRODUCTION

Bluefish (Pornatornus saltairix} are found along
the U.S. Atlantic coast from Maine to Florida,
migrating northward from the South Atlantic
Bight in the spring and returning southward in
the late fall. They are the target of a major
recreational fishery along the Atlantic coast, with
catches averaging 44,200 mt per year during
1979 to 1992. For the same period, the commer-
cial landings of bluefish, mainly by otter trawls,
averaged 6,300 mt per year. The management
unit for the Fishery Management Plan (FMP) for
the Bluefish Fishery, developed jointly by the
Mid-Atlantic Fishery Management Council
(MAFMCQC) and the Atlantic States Marine Fisher-
ies Commission (ASMFC), has been defined as
the entire bluefish population along the Atlantic
Coast of the United States (MAFMC 1990).

Atlantic coast bluefish exhibit fast growth
during the first two years of life, attaining fork
lengths of over 40 cm by age 2 {Hamer 1959,
Lassiter 1962, Richards 1976, Wilk 1977). They
may reach ages of at least 12 years and sizes in
excess of 100 cm fork length and 14 kg in weight.
About fifty percent of bluefish reach sexual ma-
turity by the second year of life, and they are fully
mature by age 2 (Wilk 1977). Spawning occurs-
during two major pericds: March and April in the
South Atlantic Bight near the inner edge of the
Gulf Stream, with a peak about 1 April; and June
through September in the Mid-Atlantic Bight,
with a peak about 1 August {(Wilk 1977, Kendall
and Walford 1979, Nyman and Conover 1988).
Some spawning also occurs in the South Atlantic
Bight during the fall and into early winter (Sep-
tember through January; McBride, et al. 1993).

Lund and Maltezos (1970) used analysis of
mark and recapture data to conclude that several
bluefish populations are present along the Atlan-
tic coast. Wilk (1977) suggested that two popu-
lations of bluefish, corresponding to the major
spawning groups, exist along the Atlantic coast.
Chiarella and Conover (1990) presented evidence
that fish from the major spawning groups mix
extensively during their lifespan, as summer
spawning fish were observed to originate from
both spring- and summer-spawned cohorts, and
concluded that year classes of bluefish therefore
consist of varying proportions of seasonal co-
horts. Graves, et al. (1992) used analysis of
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mitochondrial DNA to investigate the genetic
basis of stock structure of bluefish along the
Atlantic coast, and were unable to detect signifi-
cant genetic differences among spring- and sum-
mer-spawned biuefish. Graves, et al. (1992)
conciuded that bluefish along the mid-Atlantic
coast comprise a single genetic stock.

In anticipation of a fisheries management
plan to regulate commercial and recreational
catches of Atlantic coast bluefish, the ASMFC

and the MAFMC, in cooperation with the Na-
~ tional ‘Marine Fisheries Service (NMFS), bégan
work on stock assessment in 1986. Length
frequency data collected by the Northeast Fisher-
ies Science Center (NEFSC) (bottom trawls, 1974-
1986) and NMFS Marine Recreational Fishery
Statistics Survey (MRFSS) (1979-1985) was avail-
able for analytical assessment (iLe., virtual popu-
iation analysis). However, no consistent time
series of geographically comprehensive age-length
keys were available for estimating age frequency
from length frequency data. Therefore, an age-
length key (hereafter referred to as the ASMFC
pooled key) was developed by pooling data col-
lected by the fisheries agencies of several Atlantic
coast states from 1982 to 1986 (Crecco, et al.
1987, Terceiro 1987).

There were concerns about the potential for
biased results using the ASMFC pooled key, due
to influence of interannual variation in growth,
recruitment, or mortality rate, given the broad
termnporal and geographic scale over which the
age-length data were collected (Westrheim and
Ricker 1978). As a result, no consensus was
reached on the utility of the ASMFC pooled key,
catch at age data, or subsequent analyses pre-
sented in Crecco, et al. {1987) and Terceiro (1987).

Following implementation of the bluefish FMP
in 1990, stock assessment work for bluefish was
renewed by ASMFC. A yield-per-recruit analysis
was developed to provide new biclogical refer-
ence points., Parameters of the von Bertalantfy
growth function (L, = L_[1 - e*®]), derived from
weighted mean calculated lengths at annulus
formation presented in NOAA {1989), were used
as an expedient alternative to the ASMFC pooled
key to age MRFSS sample bluefish length fre-
quency data by cohort slicing (Le., solving for t in
the von Bertalanffy growth equation, givenL_, L.,
K, and t). Length at age, weight at age, and
partial recruitment vectors for the yield-per-re-
cruit analysis were developed from this version of
the MRFSS length-age data.

Reviews of this yield-per-recruit analysis at
the Eleventh NEFSC Stock Assessment Work-
shop (NEFSC 1990) noted that variation in mean
lengths at age and subsequently derived growth
parameters, likely inberent when data from sev-
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Figure D1. Trends in recreational catch (includes

catch type B2, fish released alive} and
commercial landings for bluefish, Maine
to Florida. 1979-1992,

eral disparate sources are considered, could lead
to biased results from cohort slicing. The Elev-
enth NEFSC Stock Assessment Workshop (NEFSC
1990) recommended testing alternative meth-
ods, such as mixture of distributions methods,
and data sources in lieu of a time-series of age-
length keys for the estimation of bluefish ages
from length frequency data. Terceiro and Ross
(1993) compared the utility of two simple meth-
ods for estimating bluefish ages from length-
frequency data {cohort slicing using growth pa-
rameters, and application of a pooled age-length
key} with two more rigoraus statistical methods
(the iterated age-length key method of Kimura
and Chikuni (1987), and the MULTIFAN method
of Fournier, et al. (1990)). Terceirc and Ross
(1993) found that MULTIFAN was the best alter-
native to a time series of fishery-specific age-
length keys for the estimation of Atlantic coast
bluefish ages from length data.

FISHERY DATA

Commercial Landings

Total U.S. commercial landings of bluefish
from Maine to Florida peaked in 1981 at nearly
7,500 mt (16 million pounds, Table D1, Figure
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Table D1. Estimated bluefish catch: commercial landings, recreational landings, recreational catch, and
foreign landings, Maine ¢o Florida, east coast (metric tons). Recreational landings include catch type
A (fish landed and available for sampling), type B1 {fish landed but not available for sampling), and
25% of type B2 (fish released alive, assuming a 25% discard mortality rate). Recreational catch
includes catch types A and B, plus all catch type B2. Total landings include commerciat landings,
recreational landings, and foreign landings. Total catch includes commercial landings, recreational

catch, and foreign landings.

Year Commercial Foreign Recreational®’ Recreational? . Total Total
Landings Landings Landings Catch Landings Catch

1860 1,251 0 N/A 11,475 N/A 12,726
1961 1,401 0 N/A N/A N/A N/A
1962 2,256 0 N/A N/A N/A N/A
1963 2,123 0 N/A N/A N/A N/A
1964 1,743 0 N/A N/A N/A N/A
1965 1.847 0] N/A 20,528 N/A 22,375
1966 2,172 0 N/A N/A N/A N/A
1967 1,871 0 N/A N/A N/A N/A
1968 2,159 0 N/A N/A N/A N/A
1969 2,445 0 N/A N/A N/A N/A
1970 2,952 0 N/A 27,024 N/A 29,976
1971 2.624 23 N/A N/A N/A ‘ N/A
1972 3.1156 18 "N/A N/A N/A N/A
1973 4,556 214 N/A N/A N/A N/A
1974 4,638 99 N/A N/A N/A N/A
1975 4,502 103 N/A N/A N/A N/A
1976 4,547 1 N/A N/A N/A N/A
1977 4,802 4 N/A N/A N/A N/A
1978 5.629 35 N/A N/A N/A N/A
1979 4,983 28 59,168 63,759 64,179 68,770
1980 6,858 23 64,559 69,612 71,440 76,493
1981 7.466 71 50,197 58,216 57,734 685,753
1982 6.996 77 52,133 56,5673 59,206 63,646
1983 7.166 33 55,464 62,859 62,663 70,058
1984 5,381 68 33,389 39,327 38,838 44,776
1985 T 6,124 18 40.833 44,877 46,975 51,119
1986 6,657 28 51,151 59,365 57,836 66,050
1987 6,579 2 35,952 43,479 42,533 50,060
1988 7.162 0 28.575 35,666 35,737 42,828
1988 4,740 0 18,225 22,965 22,965 27,705
1990 6,246 0 18,223 23,705 24.469 29,951
1991 6.160 0 15,280 21,067 21,440 27,227
1992 5,024 0 12,241 16.994 17,265 22,018

! Marine Angling Survey estimates, adjusted as per Boreman (1983) - these surveys used a different methodology than the
MRFSS, and are not directly comparable to recreational catch estimates since 1979.

D1). The reported landings in 1992 of about
5,024 mt (about 11 million pounds) were an 18%
decrease from 1991. Large variability in bluefish
landings exist among the states, over time, but
generally the states of North Carolina, Virginia,
New Jersey. New York, Florida, Rhode Island,
and Massachusetts have accounted for more
than 90% of the commercial landings (Table D2).

Northeast Region Commercial Fishery

A summary of length frequency and age sam-
pling of bluefish landings sampled by the NEFSC
commercial fishery weighout system in the North-
east Region (NER; Maine to Virginia} is presented
in Table D3. For comparability with the manner
in which length frequency sampling in the recre-



Table D2,

Bluefish commercial landings by state (metric tons), 1979-1992

Year ME NH MA RI cT NY NJ DE MD VA NC SC GA FL Total
1979 15 1 362 170 25 792 719 18 147 1243 584 1 * 606 4983
1980 44 1 315 166 22 675 635 74 198 1278 2469 1 0 978 6858
1981 44 20 371 160 142 581 832 89 188 1061 2998 1 * 978 7466
1982 75 30 406 270 136 781 898 232 131 1176 1946 4 * 911 6906
1983 77 i4 454 235 31 765 873 132 150 689 3060 5 o 680 7166
1984 22 8 318 462 45 742 767 71 83 525 1614 1 0 719 5381
1985 41 10 362 767 82 968 202 85 231 749 1635 * o 288 6124
1986 48 28 709 518 86 733 1362 181 207 686 1565 4 1 528 6657
1987 47 58 362 537 79 709 1149 161 165 536 2069 1 1 702 6579
1988 4 10 366 464 46 510 1126 95 468 1186 2286 1 o1 596 7162
1989 356 62 562 549 88 256 718 47 125 349 1493 1 : 0 453 4740
1990 24 89 546 537 81 731 984 65 129 491 2077 * E 0 488 6246
1991 56 58 343 676 117 716 1110 153 106 373 1778 * 0 672 6160
1992 39 103 215 703 112 675 997 42 23 269 1288 1 0 487 5024

Source: unpublished NMFS General Canvas data.
* = less than 1 mt; na = not available;

Note: numbers may not total due to rounding and preliminary nature of 1992 data by state

85 vbey
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Table D3.  Summary of NEFSC sampling of the NER (ME-VA) commercial fishery for bluefish, 1982-1992. Age
samples are currently archived. NEFSC weighout landings are those characterized directly by length
frequency sample data. Total NER landings include weighout plus general canvas data. Length
frequency distributions based on NEFSC weighout landings are raised to NER total landings.

Year Samples Lengths Ages NEFSC NER Sampling

Weightout Total Intensity
Landings Landings
(mt) {mt) (Total mt/100
lengths)

1982 9 042 141 1,622 4,135 439

1983 20 1,900 401 1,615 3.420 180

1984 22 2,045 456 1,477 3,043 149

1985 18 1.581 376 2,087 4,197 265

1988 20 1,838 445 3411 4,558 248

1987 11 1,105 250 2,847 3,803 344

1988 20 1,961 450 2,401 4,225 215

1989 6 580 150 1.953 2,791 473

1990 4 402 52 2,765 3.677 915

- 1991 2 201 51 2,792 3.708 1845

1992 4 400 50 2,839 3,248 812

ational fishery has been evaluated, sampling
intensity is expressed in terms of metric tons of
total NER landings per 100 fish lengths mea-
sured. The sampling is proportionally stratified
by market category and fishing gear, with the
sampling distribution generally reflecting the
distribution of weighout landings by market cat-
egory and gear. Sampling intensity has been in
general low, deteriorated since 1988, and was
very poor during 1990-1992.

Length composition of the NER commercial
landings for 1982-1992 was estimated annually
for pooled market categories and statistical ar-
eas, using standard NEFSC procedures (length
frequency samples converted to mean weights by
length-weight relationships; mean weights in
turn divided into landings to calculate numbers
at length; Table D4). Length compositions were
estimated by gear type when samples were ad-
equate (1983-1988). The NER commercial land-
ings at length matrix does not include the land-
ings from states not participating in the NEFSC
weighout system {(e.g., North Carolina to Florida).

No age data from NER fisheries are available
for conversion of the NER landings at length,
although the age structures (scales) are archived.
For this assessment, the Subcommittee com-
pared the mean weights in the NER fishery with
those from the Northi Carolina (N.C.) winter fish-

eries (gillnet and otter trawl) as a means of
judging the applicability of North Carolina Divi-
sion of Marine Fisheries (NC 3MF) commercial
winter fishery age-length keys for aging NER
commercial fishery lengths. The Subcommittee
judged that mean weights in the fisheries were
similar, and so NC DMF commercial winter fish-
ery annual age-length keys were used to convert
NER commercial fishery length data to age. For
1990-1992, the NER commercial fishery length
sampling was judged to be inadequate to provide
a reliable sample of the landings (Table D3). To
overcome this deficiency, the N.C. commercial
winter fishery proportions at age were applied to
the NER commercial fishery landings to estimate
landings at age (Tables D4-D5).

‘North Carolina Commercial Fishery

The N.C. commercial fishery accounts for
about cone-third (30 to 35%) of the commercial
landings along the Atlantic coast. A separate
landings at age matrix for this component of the
commercial fishery was developed from NC DMF
length-age frequency sampling data. The NC
DMF program sampled the commercial fishery
landings at a rate of about 100 mt of landings per
25 ages during 1982-1992 (Table D6). Lengths



Table D4. Northeast region (Maine to Virginia) commercial fishery landings at age for bluefish (thousands of fish). The 1982-1989 lengths were converted
to age using NC DMF annual age-length keys from the North Carolina winter fishery. The 1990-1992 landings were assumed to have the same
age composition as the North Carolina winter fishery landings.

N . Age _ Total
0 1 2 3 4 5 6 7 8 9 10 11

1982 505 994 848 846 51 56 49 14 a4 0 0 0 3368
1983 2 364 1498 369 68 27 43 31 15 2 0 3 2422
1984 247 1184 2358 195 29 19 12 10 3 1 0 0 4059
1985 83 640 790 375 400 10 53 60 40 20 0 1 2503
1986 74 2069 2025 70 32 139 87 35 21 9 0 0 4561
1987 0 47 488 1064 292 22 44 25 10 0 0 0 1993
1988 230 318 717 323 398 220 98 75 23 9 9 0 2420
1989 49 490 713 53 62 201 113 60 26 0 4 0 1770
1990 341 624 71 37 53 110 376 105 137 4 0 o 1858
1991 569 1017 2465 10 15 48 86 163 86 ! 1 0 4461
1992 976 4858 203 124 42 202 2 2 3 2 0 0 6414

Table D5. Northeast region (Maine to Virginia) commmercial fishery landings mean weights at age (kilograms) for bluefish

Age
0 1 2 3 4 5 6 ré 8 9 10 Il

1982 0.198 0.621 1.159 1.979 2.853 4.511 5.297 5.684 5.194

1983 0.4186 0.852 0.981 1.980 3.054 4.296 5.715 6.354 6.751 7.870 7.449
1984 0.422 0.610 0.682 1.561 2.381 4.410 5.331 6.068 6.378 7.030
1985 0.430 0.562 0.882 2.113 2.787 3.552 5.276 6.174 6.407 6.755 7.247

1986 0.583 0.689 0.727 2.024 3.199 4.201 4.621 5.398 6.284 6.816

1987 0.427 0.771 0.992 1.897 2.575 3.976 5.088 5.615 5.887

1988 0.270 0.428 0.856 1.686 2.769 3.507 4,368 5.017 5.858 6.192 5.645
1989  0.347 0.509 0.649 1.947 3.552 4.042 4.162 4.719 5.580 7.247
1990 0.343 0.569 0.864 1.782 2.591 3.565 3.854 4.040 4.710 7.710

1991 0.334 0.300 0.502 1.782 3.251 3.578 4.435 5.421 5.252 7.710 8.000
1992 0.214 0.381 1.113 1.745 2.333 2.980 4.145 4.731 4.981 7.710

0o sbed



Table D6. Summary of NC DMF sampling of the
North Carolina commercial fishery for
biuefish, 1982-1992
Year Sampled North Carolina Sampling
Ages Commercial Intensity
Landings
(mt) (mt/25 ages)
1982 490 1,946 99
1983 596 3.060 129
1984 854 1,614 47
1985 548 1,635 75
1986 437 1,565 89
1987 381 2,069 136
1988 346 2,286 ~ 166
1989 320 1,493 117
1990 372 2,077 140
1991 279 1,778 159
1992 606 1,288 53

and ages are sampled {rom the summer pound
net, summer long haul seine, winter gill net, and
winter trawl fisheries, and separate maftrices
were developed for each, before summing to pro-
vide an estimate of total N.C. commercial fishery
landings at age and mean weights at age (Tables
D7-D8).

Commercial Discards

Data on bluefish catch have been collected by
the NEFSC sea sampling program in the Gulf of
Maine groundfish gillnet fishery and the South-
ern New England/Mid-Atlantic otter trawl fish-
ery for 1989-1992. The Subcommittee found
these data indicated that in both fisheries, dis-
cards have comprised less than 109 of the total
catch per trip. Length frequency sampling has
been inconsistent, and the data are not adequate
to develop an estimate of either total discard or
discard at length for the 1989-1992 period.
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Commercial Fishery-based Indices
of Abundance

A General Linear Model {GLM; SAS 1889)
standardized index of abundarice for bluefish
was developed based on NER commercial otter
trawl fishery weighout data for 1982-1992. An
initial model including year, state, calendar quar-
ter, 3-digit statistical area, and tonnage class
explained 31% of the variation in log-transformed
otter trawl landings per trip {mt per days fished),
but interaction terms between staie/area and
quarter/area were statistically significant and
nearly as important as the main effects, and some
empty cells were present. Aggregating areas to 2-
digit divisions reduced the magnitude of the
interaction terms, but they still were nearly as
important as the main effects, and empty cells
remained. A final main effects model incorporat-
ing year, state, calendar gquarter, and tonnage
class had no empty cells, minor potential interac-
tion terms, and explained 25% of the variation in
log-transformed otter trawl landings per trip.
This index indicated a pattern of decreasing
stock size from 1985 to 1988, with a stable level
since 1989 (Table DY, Figure D2}. Proportions at
age from the NER fishery {in weight) were applied
to this index to develop an age-disaggregated
index for VPA tuning (after division by mean
weights to provide an index in numbers (Table
D10J.

GLM standardized indices of abundance have
also been developed from total catch per trip data
(landings plus discard, metric tons per days
fished} for trips sampled in the otter trawl and
sink gillnet groundfish fisheries. Significant
main effects {other than year) were calendar
quarter and individual vessel in both models,
The year effect was not significant in the gillnet
fishery model, suggesting no effect of stock biom-
ass on CPUE, although this model was signifi-
cant and explained a large proportion (41%) of
the variation in log-transformed catch per trip.
The otter trawl model also did not have a signifi-
cant (at the 1% level) year effect, although R? =
0.51. The Subcommittee judged that neither
index of abundance based on sea sampling data
gave a reliable estimate of bluefish stock abun-
dance.

Recreational Catch and Effort

Summary fishery statistics collected by the
MRFSS are presented in Tables D11-D16. The
1992 recreational fishery total catch (catch type



Table D7. North Carolina commercial fishery landings at age for bluefish. This matrix is a sum of component matrices from the North Carolina landings from
pound nets, long haul seines, gill nets, and trawls. Landings from South Carolina, Georgia, and Florida are included in the gillnet landings.

Age " Total
0 1 2 3 4 5 6 7 8 9 10 11

1982 2621 1464 42 17 4 17 45 57 49 18 3 1. 4331
1983 647 1277 592 66 51 190 191 86 32 1 o 0 3134
1984 553 583 308 20 36 145 79 45 19 0 2 0 1790
1985 55h1 922 56 19 38 55 127 39 25 4 0 1 1837
1986 870 744 178 4 24 126 64 51 a7 9 1 0 2097
1987 699 894 323 146 105 82 151 60 12 3 0 0 . 2474
1988 287 323 163 38 100 182 14 224 50 3 o 0O 1385
1989 300 424 92 33 78 173 46 44 12 5 0 0 1208
1990 430 721 87 24 33 68 232 65 84 2 0 0. 1747
1991 505 977 1562 G 9 28 50 95 50 1 1 0 . 3283
1992 511 2798 156 63 20 98 i 1 1 1 0 0. 3649

Table D8. North Carolina commercial fishery mean weights at age for bluefish

Age
0 1 2 3 4 5 6 7 8 9 10 11

1982  0.307 0.603 2.357 1.597 3.123 4.293 5.100 5.468 6.221 7.000 6.928 7.710 .
1983 0.236 0.391 0.903 1.866 2.852 3.931 4.733 5.104 5.936 7.000

1984 0.249 0.489 0.840 1.330 3.393 4.655 5.467 5.835 6.506 6.500

1985 0.207 0.404 0.759 1.816 2.545 .4.530 4.729 5.734 5.981 6.800 7.710
1986 0.308 0.487 0.860 2.602 3.275 3.944 4.235 4.608 6.015 6.009 6.123

1987 0.217 0.316 0.924 1.617 3.246  4.035 4.837 5.197 6.250 7.250

1988 0.285 = 0.533 0.842 1,745 2.445 3.386 6.100 4.960 5.350 6.500

1989  0.280 0.487 0.734 1.819 3.130 4.261 4,705 5.398 5.670 4.989

1990 0.2556 0.599 0932 1.821 2.698 3.566 3.854 4.041 4.710 7.700

1991 0.271 0.350 0.526 1.764 3.251 3.578 4.432 5.421 5.252 7.710 6.928

1992 0.212 0.375 0.960 1.725 2.333 2.980 4.145 4.731 4.981 7.710

o ebed



Table D9,
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General Linear Model (GLM) standardization of NER commercial otter trawl fishery (1982-1992)

tandings per trip {mnt per day fished), for all trips landings any bluefish. Variation in log-transformed
landings per trip (LNCPUE} is modeled with year (YR). state (ST), quarter (QTR), and tonnage class
{TC), as main effects, with no interactions. The corrected, retransformed YR parameter estimates are

indices of stock biomass.

Dependent variable: LNCPUE

SOURCE PF ss MSE F PR>F R-SQUARE
Model 22 33468.7 1521.3 600.89 0.0001 0.25
Error 40628 102860.3 2.5
Total 40650 136329.0
Model 58
VARIABLE DF TYPE IT1 S& F PR>F
YR 10 720.0 28.4 0.0001
5T 7 14218.5 802.3 0.0001
QTR 3 9604.7 1264.6 0.0001
TC 2 3586.2 708.2 0.0001
Corrected, retransformed YR parameter estimates

Estimate Lower 95% CI Upper 95% CI
1982 1.279 1.185 1.381
1983 1.001 0.932 1.089
1984 1.154 1.072 1.243
1985 1.453 1.356 1.558
1986 1.225 1.141 1.316
1987 1.103 1.025 1.187
1988 0.923 0.8586 0.995
1989 1.005 0.931 1.085
1990 1.037 0.960 1.121
1991 1.079 1.005 1.160
1992 1.000

A: fish landed and available for sampling, plus
type B1: fish landed but not available for sam-
pling, plus type B2: fish released alive) was about
17,000 mt (37.5 million ib), well below the 1979-
1991 average of 46,300 mt (102 million lb; Tables
D1 and D11, Figure D1). The share of total catch
taken by the recreational sector was 77% in 1992,
The proportion of fish released alive has increased
since 1979, peaking at 37.3% of total catch in
1992 (Table D11).

The number of directed bluefish trips (those
catching bluefish, or with bluefish indicated as a
target species but with zero catch) was estimated
by applying the proportion of sampled trips tar-
geting bluefish by two-month sampling wave/
state/fishing mode/fishing area {distance from
shore} strata to the estimated number of fishing
trips for all species in those strata (Table D14,
Figure D3). Nominal catch per trip in number and
weight {Tables D15-D16) was calculated from the
total catch estimates. These indices of abun-
dance indicate a steady decline in bluefish stock
size and biomass since 1973. On a regional and
fishing mode basis, these nominal indices of
abundance have declined at higher rates in the
North Atlantic region (Maine-Conn.) than in the

1.4

GLM STANDARDIZED FISHERY CPUE (NUMBERS)
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Figure D2. Indices of stock abundance for bluefish,
based on recreational and comumercial
fishery General Linear Meodel (GLM)
standardized catch {numbers) per unit
effort.
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Table D10. General Linear Model (GLM) standardized index of abundance at age (in numbers) for bluefish from

the NER .commercial otter trawl fishery

Age

1982 0200 0.394¢ 90336 0.335 0.020 0.022 0.019 0.006 0.002 0.000 0.000 0.000

1983 0.001 0.108 0.445 0.110 0.020 0.008 0.013 0.009 0.004 0.001 0.000 0.001
1984 0.108 0.518 1.033 0.085 0.013 0.008 0.005 0.004 0.001 0.000 0.000 0.000
1985 0.042 0.322 0.398 0.189 0.202 0.020 0.026 0.030 0.020 0.010 0.000 0.001

1986 0.024 0.682 0.667 0.023 0.010 0.046 0.028 0.012 0.007 0.003 0.000 0.000
1987 0.000 0.015 0.156 0.340 0.094 0.007 0.014 0.008 0.003 0.000 0,000 0.000
1988 0.046 0.063 0.143 0.064 0.073 0.044 0.0I19 0.015 0.005 0.002 0.002 0.000

1989 0.018 0.177 0.2568 0.019 0.023 0.073 0.041 0.022 0.009 0.000 0.001 0.000

1890 0.185 0.224 0.021 0.014 0.018 0.033 0.101 0.028 0.035 0.001 0.000 0.000

1991 0.444 0.459 0.592 0.003 0.012 0.023 0.025 0.041 0.021 0.001 0.000 0.000
1992 0.503 0.682 0.104 6.126 0.042 0,061 0.001 0.001 0.001 0.000 0.000 0.000

Mid-Atlantic (N.Y.-Vir.) and South Atlantic (N.C.-
Fla.) regions. This may imply that the availability
of bluefish to anglers in New England waters has
declined relative to the more southern waters
(Figures D4-D5).

The length frequency sampling intensity for
the recreational fishery for bluefish was calcu-
lated on a meiric tons of total catch per 100
lengths measured basis. Sampling intensity has
not met the generally accepted target of 200 mt
per 100 lengths measured, and in most years has
been very poor relative to this target level (Burns,
et al. 1983)(Table D17). The length composition
of the recreational catch during 1979-1992 was
estimated by two-month sampling period (wave],
state, fishing mode {shore and boat), and fishing
area (inland and territorial sea, EEZ) strata by
merging MRFS3S intercept length frequency
samples with estimated type A, Bl, and B2
catches. Catch types Bl and B2 were assumed to
have the same length frequency distribution as
catch type A, and catch type B2 was assumed to
have a hooking (discard) mortality rate of 25%,
hased on analogy with species such as striped
bass (Diodati 1991), black sea bass (Bugley and
Shepherd 1991), and Pacific halibut (IPHC 1988).
The length frequencies of the recreational catches
in 1980 (highest level of recreational catch since
implementation of the MRFSS in 1979), 1987
(average level of recreational catch in MRFSS
time series), and 1992 (most recent year, lowest

level of recreational catch in MRFSS time series)
are presented in Figure D6.

No age structures are sampled by the MRFSS
from fish captured in the recreational fishery.
The Subcommittee considered two options for
converting recreational lengths to ages: 1) using
MULTIFAN {Fournier, et al. 1990), a mixture of
distributions method for resolving ages from
length frequencies using maximum likelihood
methods, and incorporating consideration of
growth patterns, or 2) application of NC DMF
commercial fishery annual age length keys. An
initial comparison for three years (1983, 1987,
and 1992) suggested the results would be com-
parable for ages O to 3, with some divergence at
older ages. The MULTIFAN method tended to
convert larger lengths to ages based on the mean
pattern of growth (which is influenced strongly
by the growth pattern evident for the younger
ages) and to form a large “plus group.” The NC
DMF keys tended to provide a smoother decline
in numbers at age, improved coherence of strong
and weak cohorts at age 5 and older, and a
broader distribution at older ages.

The Subcommittee performed a comparison
of Connecticut Department of Marine Fisheries
(CT DMF) trawl survey age-length keys for 1984-
1987 with the NC DMF commercial keys using
the method of Hayes (1993) to determine if appli-
cation of those keys would cause a serious bias
in conversion of lengths to age if applied to

CNSE



Table D11. Estimated total number (thousands) of bluefish caught by recreational fishermen, MRFSS 1979-1992. Shore fishing mode includes catch taken
from beaches, banks, and man-made structures; boat fishing mode includes catch taken from pariy /charter and private /rental boats. For annual
totals, numbers of fish released alive (catch type B2) is also totaled and expressed as a percentage of the total catch. Total landed includes catch
type A (fish landed and available for sampling), type Bl (fish landed but not available for sampling), and 25% of type B2 {fish released alive, assuming
a 25% discard mortality rate).

Region/ Year
Mode :
1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
North (Maine-Connecticut)
Shore 1883 3359 2176 3898 7010 2656 2120 2211 2345 600 425 1189 2301 1015
Boat 3444 4064 6907 6398 6756 3686 5812 8435 4686 2030 1628 1830 2709 2218
Total 5327 7423 9083 10296 13766 6342 7932 10646 7031 2630 2053 3019 5010 3233
Mid (New York-Virginia)
Shore 3409 7628 5902 3095 5085 6228 3926 6187 3801 1019 4458 2198 4594 1011
Boat 20897 19486 11855 11882 13758 11077 9718 12192 13910 8362 7421 7579 5268 4840
Total 24306 27114 17757 14977 18843 173056 13644 18379 17711 9381 11879 9777 9862 58561
South (North Caroclina-Florida)
Shore 35665 2816 3302 3258 3134 3309 2608 - 1895 1662 2393 2095 2288 1161 1379
Boat 2548 4445 1859 4413 6894 2862 2842 1206 1553 1778 1151 1644 981 1435
Total 6113 7261 5161 7671 10028 6171 5450 3101 3215 4171 3246 3932 2142 2814
All Regions
Shore 8857 13803 11380 102561 15229 12193 8654 10293 7808 4012 6978 5675 8056 3405
Boat 26889 27995 20621 22693 27408 17625 18372 21833 20149 12170 10200 11053 8058 8493
Total 35746 41798 32001 32944 42637 29818 27026 32126 27957 16182 17178 16728 17014 11898
Total B2 3440 4032 B874 3441 6679 6005 3316 5830 6449 4290 4729 5158 6233 4435
Percent B2 9.9 9.6 18.4 10.4 15.7 20.1 12.3 18.5 23.1 26.5 27.5 30.8 36.6 37.3
Total 33166 38774 27596 30363 37628 25314 24539 27679 23120 12965 13631 12860 12339 8572
Landed
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Table D12, Estimated total weight (mt) of bluefish caught by recreational fishermen, MRFSS 1979-1992. Shore fishing mode includes catch taken from
beaches, banks, and man-made structures; boat fishing mode includes catch taken from party/charter and private/rental boats. For annual
" totals, weight of fish released alive [catch type B2} is also totaled and expressed as a percentage of the total catch. Total landed includes catch iype
A (fish landed and available for sampling), type B1 (fish Ianded but not available for sampling), and 25% of type B2 (fish released alive, assuming
a 25% discard mortality rate).

Year . .
Region/ 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Mode

North {Maine-Connecticut)
Shore 936 1010 825 762 3302 497 1377 2844 1209 943 892 2295 2713 1298
Boat 10201 11580 24111 26030 18993 9048 13373 26276 12186 7388 5776 5393 6413 5658
Total 11137 12590 24936 26792 22295 9b45H 14750 29120 13395 8331 6668 7688 9126 6956

Mid (New York-Virginia) :
Shore 1225 3747 2004 964 3071 1602 2048 3786 1244 652 1214 1245 1649 509
Boat 45483 46422 26295 24061 22016 21743 19668 23388 25635 22307 12377 12592 8043 7299
Total 46708 50169 28299 25025 265087 22745 21716 27175 28879 22959 13591 13837 9692 7808

South {North Carolina-Florida) _
Shore 2121 2172 4240 1232 2334 2103 1395 1605 1427 2380 1501 1228 1172 1065

Boat 3793 4681 741 3524 13143 4934 7116 1465 1778 1996 1205 952 1077 1165
Total 5914 68563 4981 4756 15477 7037 8511 3071 3205 4376 2706 2180 2249 2230
All Regions

Shore 4282 6929 7069 2958 8707 3602 4820 8235 3880 3975 3607 4768 5534 2872
Boat 59477 62683 51146 53615 54152 35725 40157 51129 39599 31691 19358 18937 15533 14122
Total 63759 69612 58216 56573 62859 39327 44977 L9365 43479 35666 22965 23705 21067 16994

Total B2 6137 6713 10684 5908 9845 7921 5518 10959 10028 9455 6323 7309 7716 6333
Percent B2 9.9 9.6 18.4 10.4 15.7 20.1 12.3 18.5 23.1 26.5 27.5 30.8 36.6 37.3
Total 59168 64559 50197 52133 55464 33389 40833 511561 35952 28575 18225 18223 15280 12241
Landed
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Table D13. Estimated mean weight per fish (kilograms), MRFSS 1979-1992. Shore fishing mode includes fish taken from beaches, banks, and man-made
structures; boat fishing mode includes fish taken [rom party/charter and private/rental boats.

_ Year _ S . SO
Region/ 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Maode

North {Maine-Connecticut)
Shore 0.497 0.301 0.379 0.195 0.471 0.187 0.650 1.286 0.516 1.572 2.099 1.930 1.179 1.279
Boat 2.962 2.849 3.491 4.068 2.811 2.455 2.301 3.115 2.601 3.639 3.548 2.947 2.367 2.501
All 2.091 1.696 2.745 2.602 1.620 1.505 1.860 2.735 1.905 3.168 3.248 2.547 1.822 2.152

Mid (New York-Virginia)
Shore 0.359 0.491 0.340 0.311 0.604 0.161 0.522 0612 0.327 0.640 0.272 0.566 0.359 0.503
Boat 2.177 2.339 2.218 2.025 1.600 1.963 2.024 1.918 1.843 2.668 1.668 1.661 1.527 1.508
All 1.922 1.850 1.594 1.873 1.331 1.314 1.592 1.479 1.518 2.447 1.144 1.415 0.983 1.334

South (North Caroclina-Florida)
Shore 0.595 0.771 1.284 0.378 0.745 0.636 0.535 0.847 0.859 0.995 0.716 0.537 1.009 0.772
Boat 1.489 1.0563 0.399 0.799 1.906 1.724 2.504 1.215 1.145 1.123 1.047 G.579 1.098 0.812
All 0.967 0.944 0.965 0.620 1.543 1.140 1.562 0.990 0.997 1.049 0.834 0.554 1.050 0.792

All Regions
Shore 0.483 0.502 0.621 0.289 0.572 0.295 0.557 0.800 0.497 0.991 0.517 0.840 0.687 0.843
Boat 2.212 2.239 2.480 2.363 1.976 2.207 2.186 2.342 1.965 2.604 1.898 1.713 1.734 1.663
All 1.784 1.665 1.819 1.717 1.474 1.319 1.664 1.848 1.555 2.204 1.337 1.417 1.238 1.428
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Table D14. Estimated total number (thousands) of fishing trips for bluefish (trips with bluefish catch or bluefish indicated as a target species), summarized
by subregion/mode, MRFSS 1979-1992. Shore fishing mode includes fishing from beaches, bank, and man-made structures; boat fishing mode
includes fishing from party/charter and private/rental boats. '

Region/ 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Mode

North (Maine-Connecticut)
Shore 478 382 534 628 1212 596 644 1168 790 820 399 1037 1646 1337
Boat 775 1149 1077 907 1842 1029 1873 2228 1379 1328 1063 1274 1393 1462

Total 1253 1531 1611 1535 3054 1625 2517 3396 2169 2148 1462 2311 3039 2799

Mid (New York-Virginia)
Shore 1667 2718 1403 2080 2004 1650 1779 2087 1357 1218 1519 1326 1471 1089
Boat 4813 7728 3398 3847 4167 3813 2974 4155 4119 3089 2922 2900 2049 2443
Total 6480 9946 4801 927 6171 5463 4753 6242 5476 4307 4441 4226 3520 3532

South (North Carolina-Florida) :
Shore 1540 878 2053 1560 2077 2364 2240 1221 916 1651 1773 1484 1228 1288
Boat 939 1348 658 1382 1461 1617 1515 B37 681 1107 807 1019 679 846
Total 2479 2226 2711 2942 3538 3981 3755 1758 1597 2758 2580 2503 1907 2134

All Regions .
Shore 3685 3978 3990 4268 5293 4610 4663 4476 3063 3689 3691 3847 4345 3714
Boat 6527 9725 5133 6136 7470 6459 6362 6920 6179 5524 4792 5193 4121 4751
Total 10212 13703 9123 10404 12763 11069 110256 11396 9242 9213 8483 9040 8466 8465
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Table D15. Estirnated catch per unit effort (number/trip) for bluefish, MRFSS 1979-1992 (irips with bluefish catch or bluefish indicated as a target species).
Shore fishing mode includes catch taken from beaches, banks, and man-made structures; boat fishing mode includes catch taken from party/
charter and private/rental boats.

Region/ — ... Year e i e .
Mode 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

North {Maine-Connecticut)
Shore 3.939 8.793 4.075 6.207 5.784 4.456 3.292 1.893 2.968 0.732 1.065 1.147 1.398 0.759
Boat 4.444 3.537 6.413 7.054 3.668 3.582 3.103 3.786 3.398 1.529 1.532 1.436 1.945 1.517
Total 4.251 41.848 5.638 6.707 4.508 3.903 3.1561 3.135 3.242 1.224 1.404 1.306 1.649 1.155

Mid (New York-Virginia)
Shore 2.045 2.806 4.207 1.488 2.537 3.775 2.207 2.965 2.801 0.837 2.935 1.658 3.123 0.928
Boat 4,342 2.696 3.489 3.089 3.302 2.905 3.268 2.934 3.377 2.707 2.540 2.613 2.571 1.981
Total 3.761 2,726 3.699 2.527 3.053 3.168 2.871 2.944 3.234 2,178 2.675 2.314 2.802 1.657

South (North Carolina-Florida)
Shore 2.315 3.207 1.608 2.088 1.509 1.400 1.164 1.562 1.814 1.449 1.182 1.542 0.945 1.071
Beat 2.714 3.297 2.82b 3.193 4.719 1.770 1.876 2.246 2.280 1.606 1.426 1.613 1.445 1.696
Total 2.466 3.262 1.904 2.607 2.834 1.550 1.451 1.764 2.013 1.512 1.258 1.571 1.123 1.319

All Regions
Shore 2.404 3.470 2.852 2.402 2.877 2.645 1.856 2.300 2.549 1.088 1.891 1.475 1.854 0.917
Boat 4.120 2.879 . 4.017 3.698 3.669 2.729 2.888 3.165 3.261 2.203 2.129 2.128 2.174 1.788
Total  3.500 3.050 3.508 3.166 3.341 2.694 - 2.451 2.819 3.025 1.756 2.025 1.850  2.010 1.406
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Table D16. Estimated catch per unit effort (kilograms per trip} for bluefish, MRFSS 1979-1992 (trips with bluefish catch oribluefish indicated as a target
species). Shore fishing mode includes eatch taken from beaches, banks, and man-made structures: boat fishing mode includes catch taken from
party/charter and private/rental boats.

Region/ Year - -
Mode 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

North (Maine-Connecticut) .
Shore 1.958 2.644 1.545 1.213 2.724 0.834 2.138 2.435 1.530 1.150 2.236 2.213 1.648 0.971
Beat 13.163 10.078 22.387 28.699 10.311 8.793 7.140 11.794 8.837 5.563 5.434 4.233 4.604 3.870
Total 8.888 8.223 15.479 17.454 7.300 5.874 5.860 8.675 6.176 3.878 4.561 3.327 3.003 2.485

Mid (New York-Virginia) : .
Shore 0.735 1.379 1.428 0.463 1.532 0.607 1.151 1.814 0.917 0.535 0.799 0.939 1.121 0.467
Boat 9.450 6.423 7.738 6.264 5.283 5.702 6.613 5.629 6.224 7.221 4.236 4.342 3.925 2.988
Total 7.208 5.044 5.894 4,222 4.065 4.163 4.569 4.354 4.909 5.331 3.060 3.274 2.753 2.211

South (North Carolina-Florida)
Shore 1.377 2.474 2.065 0.790 1.124 0.890 0.623 1.314 1.558 1.442 0.847 0.827 0.954 0.827
Boat 4.039 3.473 1.126 2.550 8.996 3.051 4.697 2.728 2.611 1.803 1.493 0.934 1.586 1.377
Total 2.386 3.079 1.837 1.617 4.375 1.768 2.267 1.746 2.007 1.587 1.049 0.871 1.179 1.045

All Regions ' .
Shore 1.162 1.742 1.772 0.693 1.645 0.781 1.034 1.840 1.267 1.078 0.977 1.239 1.274 0.773
Boat 9.112 6.446 9.964 8.738 7.249 5.531 6.312 7.389 6.409 5.737 4.040 3.647 3.769 2.972
Total 6.244 5.080 6.381 5.438 4.925 3.553 4.080 5.209 4.705 3.871 2.707 2.622 ' 2.488 2.008
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EFFORT IS TRIPS CATCHING OR TARGETING BLUEFISH

Figure D3. Trends in recreational catch and effort for
bluefish, Maine to Florida, 1989-1992.
Catch includes fish released alive (catch
type B2, effort is trips catching or targeting
biuefish,

recreational fishery length frequencies. The
method computes the probability of obtaining
the observed difference between proportions at
age for a given length interval in the age-length
key by random chance. The method suggested
no serious bias would be caused if the annual NC
DMF age-length keys were used to age the recre-
ational length data.

For further comparison, the recreational
lengths were converted to age using both meth-
ods to develop parallel recreational catch at age
and mean weights at age matrices, and thus
parallel total {commercial and recreational) catch
at age and mean weights at ages matrices, for the
1982-1992 time series. After considering the
results of application of the Hayes method (1993)
and upon inspection of the cateh at age matrices
developed with the alternative length to age con-
version methods, the Subcommittee judged the
use of the NC DMF keys to be the preferred
approach, and adopted the catch at age matrices
compiled with the keys as the best estimate of
recreational catch at age (Tables D18-D19).
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Figure D4. Trends in nominal recreaitonal caich per
trip {CPUE) for bluefish for anglers fishing
from boats in the North Atlantic (Maine-
Connecticut), Mid-Atlantic {(New York-
Virginia) and South Atlantic Regions (North
Carclina-Florida). Top panel shows
nominal CPUE, bottom panel shows linear
regression line over the time series.

Recreational Fishery-based CPUE
Indices

In addition to the nominal indices derived
from estimated catch and effort statistics (de-
scribed above), the intercept sample data from
the MRFSS 1979-1992 were used directly to
develop an index of abundance. The Subcomimit-
tee suggested a revision of previous analyses to
include not only those trips catching bluefish,
but also those with zero catch which targeted
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Figure D5. Trends in nominal recreational catch per
trip (CPUE) for bluefish for anglers fishing
from shore in the North Atlantic {Maine-
Connecticut), Mid-Atlantic {New York-
Virginia} and South Atlantic Regions (North
Carolina-Florida). Top panel shows
nominal CPUE, bottom panel shows linear
regression line over the time series.

bluefish as the primary or secondary species
sought. A GLM analysis was used to model the
variation in MRFSS intercept log-transformed
catch per trip for all intercepts coastwide, and
produce a standardized index of stock numbers
based on year category regression coefficients. A
main effects (year, state, two-month sampling
wave, and fishing mode) model accounted for
about 9% of the variation in intercept catch per
trip. This standardized index suggests a general
decline in bluefish abundance since 1979 (Table
D20, Figure D2). Age-disaggregated indices for
VPA tuning were calculated by applying propor-

Table D17. Summary of MRFSS sampling of the
recreational fishery for bluefish, 1979-
1992

Year Lengths Estimated Sampling

Total Catch  Intensity
(mt) (mt/

100 lengths)
1879 6,883 63,759 926
1980 10,825 69,612 643
1981 5,221 58,216 1,115
1982 3,835 56,573 1,479
1983 5,322 62,859 1,181
1984 4,206 39,327 935
1985 6,699 44,977 671
1986 4,952 59,365 1,199
1987 5,325 43,479 817
1988 2,762 35,666 1,291
1989 8,009 22,965 287
1990 7,189 23,705 330
1991 6,705 21,066 314
1992 5,120 16,994 332

NUMIL I ('0006)

Figure D6.

Length frequency distribution of bluefish
in the recreational fishery for 1980, 1987,
and 1992. Includes catch type B2 {catch
released alive) assuming a hooking
{discard) mortality rate of 25%.



Table D18. Recreational fishery (Maine to Florida) catch at age (thousands) for bluefish. Catch type B2 (catch released alive} included with a hooking mortality
rate of 25%. Lengths converted to age using NC DMF commercial fishery annual age-length keys.

0 1 2 3 4 5 G 7 8 9 10 11 12 Total
1982 9178 9669 2516 1966 805 1212 1427 1181 953 1140 175 83 57 30363
1983 8569 8361 8469 2980 1179 1506 2569 1607 921 1071 127 216 64 37628
1984 7377 5789 4642 1927 800 725 948 975 717 1015 107 128 64 25314
1985 4633 h629 5419 3413 1038 636 1415 728 732 779 60 0 58 24539
1986 5930 4704 6876 3244 1111 1474 1159 927 1318 905 31 0 0 27679
1987 2510 1662 4575 4779 1721 1039 1584 1054 661 501 34 0 0O 23120
1988 1464 2307 2585 1374 1368 1023 696 825 b62 bl4 - 181 12 b5 12965
1989 2774 4503 2367 946 245 760 . B27 556 514 273 37 7 19 13631
1990 1967 6205 1798 681 322 280 574 287 315 411 8 8 4 12860
1991 2448 3169 3151 1532 291 149 421 632 384 131 17 11 4 12339
1992 631 2255 1717 2275 528 180 176 317 320 159 6 6 2 8572

Table D19, Recreational fishery (Maine to Florida) mean weights at age (kilograms) for bluefish. Lengths converted to age using NC DMF commercial fishery
annual age-length keys. .

Age
0 1 2 3 4 5 6 7 8 9 "~ 10 11 12

C1982  0.094 0.429 1.674 2.107 3.178 4.304 5.097 5.831 6.576 8.582 7.756 8.260 8.187
1983 0.057 0.383 0.971 2.205 3.168 4.591 5.718 6.261 6.854 8.744 8.404 7.916 8.404
1984 0.078 0.348 1.022 1.866 2.932 4.505 5.696 6.297 7.195 8.418 7.209 8.404 8.404
1985 0.085 0.362 1.014 1.890 2.810 4.073 5.198 6.158 6.892 8.327 8.404 7.812
1986 0.059 0.405 1.395 2.303 3.156 4.392 4.848 5.674 6.819 7.557 7.812
1987 0.089 0.287 1.222 2.068 3.011 3.917 4.990 5.908 6.525 8.652 7.812
1988 0.169 3.388 0.996 1.967 2.817 3.710 4,795 5.358 6.134 7.655 6.360 8.404 7.877
1989 0.111 3.269 1.206 2.167 3.826 4.099 4.824 5.596 6.117 7.8056 7.901 7.247 8.203
1980 0.186 0.483 0.879 1.727 3.421 4.585 5.159 5.652 5.946 7.447 8.404 8.404 8.404
1991  0.072 0.333 0.916 1.737 2.790 4.133 5.139 5.882 6.338 7.659 7.635 7.532 8.042
1992  0.055 0.434 1.002 1.878 2.849 3.821 5.132 5.805 5.962 7.876 7.980  7.980 8.404
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Table D20. General Linear Model {GLM) of recreational fishery (MRFSS 1979-1992) intercept catch {types
A+B1+B2) per trip data to develop standardized index of abundance. Includes trips with bluefish
catch and trips with zero bluefish catch but which targeted bluefish. Variation in log-transformed
catch per trip (LOGCA) is modeled with year (YR), state (ST), two-month sampling period (WAVE) and

fishing mode (MODE) as main effects, with no interactions.

The corrected, retransformed YR

parameter estimates are indices of stock numbers (total number of fish caught per trip).

Dependent variable: LOGCA

Source DF 58 MSE F PR >F R-Square
Model 33 6024.1 182.6 259.6 0.0001 - 0.09
Error 86649 60939.9 07 ' :

Total 86682 66964.0

MODEL S8 .

Variable DF Type III SS F PR>F

YR 13 955.9 104.6 0.0001

ST 13 1854.5 202.8 0.0001

WAVE 5 136.1 38.7 0.0001

MODE 2 2166.4 1540.2 0.0001

Corrected, retransformed YR parameter estimates

Estimate Lower 95% CI  Upper 95% CI

1979 1.400 1.356 1.445
1980 1.369 1.329 1.409
1981 1.358 1.313 1.404
1982 1.332 1.285 1.380
1983 1.184 1.146 1.223
1984 1.320 1.274 1.368
1985 1.282 1.243 1.321
1986 1.307 1.267 1.349
1987 1.608 1.559 1.659
1988 1.118 1.084 1.153
1989 1.242 1.209 1.275
1990 1.192 1.160 1.225
1991 1.334 1.298 1.370
1992 1.000

tions at age from the recreational fishery (using
NC DMF keys) to the annual aggregate indices

(Table D21).

Total Catch Composition at Age

NER commercial landings, N.C. commercial

RESEARCH SURVEY ABUNDANCE
AND BIOMASS INDICES

NEFSC Faill Inshore

Long-term trends in bluefish abundance were
derived from a stratified random bottom trawl

landings, and recreational fishery catch {land-
ings plus release mortalities) at age matrices
were summed to provide an estimate of total
catch atage of bluefish, 1982-1992. Mean weights
at age in the total catch were calculated as a
weighted mean (by number) of the mean weights
at age in the component fisheries (Tables D22-
D23).

survey conducted by NEFSC between Cape
Hatteras and Nova Scotia. Catches of bluefish in
spring surveys and in offshore strata are low and
sporadic. Bluefish are caught consistently in
relatively large numbers during the fall survey, in
inshore strata (Tables D24-D26). Generally, over
90% of the bluefish caught in the fall inshore



Table D21. General Linear Model (GLM) standardized index of abundance at age from the recreational fishery (MRFSS 1982-1992). Lengths converted to age
using NC DMF commercial fishery annual age-length keys.

Age

1982 0.407 0.429 0112 0.086 0.026 0.050 0.063 0.052 0.042 0.051 0.008 0.004 0.003
1983 0.269 0.263 0.266 0.094 0.037 0.047 0.081 0.051 0.029 0.034 0.004 0.007 0.002
1984 0.387 0.304 0.244 0.100 0.041 0.036 0.050 0.051 0.038 0.053 0.006 0.007 0.003
1985 0.245 0.298 0.287 0.176 0.044 0.034 0.075 0.038 0.039 0.041 0.003 0.000 0.003
1986 0.286 0.227 0.332 0.146 0.043 0.064 0.056 0.045 0.064 0.044 0.002 0.000 0.000
1987 0.180 0.335 0.329 0.311 0.113 6.064 0.114 0.076 0.048 0.036 0.002 0.000 06.000
1988 0.131 0.207 0.232 0.108 0.113 0.072 0.062 0.074 0.050 0.046 0.016 0.001 0.005
1989 0.255 0.415 0.218 0.084 0.020 0.064 0.056 0.051 0.047 0.025 0.003 0.001 0.002
1990 0.183 0.579 0.168 0.062 0.025 0.025 0.054 0.027 0.029 0.038 0.001 0.001 0.000
1991 0.266 0.344 0.342 0.165 06.026 0.016 0.046 0.069 0.042 0.014 0.002 0.001 0.000
1992 0.075 0.267 0.203 0.264 0.057 0.016 0.021 0.038 0.038 0.019 0.001 0.001 0.000

Table 22. Total commercial landings and recreational catch at age for bluefish. Lengths converted to age using NC DMF commercial fishery annual age-length

keys.
Age

o 1 2 3 4 5 6 7 8 9 106 11 12 Total
1982 12304 12127 3406 2829 861 1285 1520 1253 1000 1159 178 84 57 38063
1983 9208 10002 10559 3416 1298 1723 2803 1724 967 1074 128 218 64 43184
1984 8178 75566 7308 2142 965 888 1039 1030 739 1016 109 128 64 31162
1985 5268 7191 6264 3807 1476 731 1594 827 797 804 60 3 58 28880
1986 6874 7516 9079 3318 1165 1739 1310 1013 1367 923 33 0 0 34337
1987 3209 5604 5386 5989 2118 1143 1778 1139 684 503 34 0 0 27587
1988 1981 2948 3465 1736 1866 1425 807 1124 635 526 130 12 55 16770
1989 3123 5417 3172 1032 386 1139 785 660 552 277 42 7 19 16610
1990 2737 7551 1956 742 408 457 1182 457 537 417 8 8 4 16465
1991 3521 5163 7178 1547 315 225 558 890 520 132 20 11 4 20084
1992 2117 9911 2078 2462 591 480 179 320 324 162 & 6 2 18635

G/ abeg
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survey are less than 40 cm fork length, and
therefore mainly age O and age 1 fish. For 1982-
1992, lengths were converted to ages using the
corresponding annual NC DMF commercial fish-
ery age-length keys. The NEFSC survey suggests
that strong year classes of bluefish recruited to
the stock in 1977, 1981, 1984, 1986, 1988, and
1989. The series indicates that poor recruitment
occurred in 1974, 1978, 1983, 1987, 1990, and
1893 (Tables D24 and D286, Figure D7).

Rhode Island DFW

A standardized bottom trawl survey has been
conducted during the fall months in Narragansett
Bay and state waters of Rhode Island Sound by
the Rhode Island Division of Fish and Wildlife (RI
DFW) since 1979. An index of age 0 bluefish
abundance developed from this survey (mean
number per tow less than 30 cm) indicated strong
vear classes in 1984, 1987, and 1991, with very
weak year classes in 1979 and 1992, The RI DFW
has also conducted a beach seine survey consist-
ing of 15 stations sampled during June-Octoher
since 1986. An age-0 index developed from those
data indicated strong year classes in 1987, 1990,
and 1991, with the poorest year classes in 1992
and 1993 (Table D27, Figure D7)

Connecticut DEP

A fall (September-October) bottom trawl sur-
vey conducted by the Connecticut Department of
Environmental Protection (CT DEP) catches blue-
fish over the full range of lengths in the stock.
These data suggest that strong year classes re-
cruited to the stock in 1984-1986, and 1989,
with poor year classes in 1987, 1988 and 1993
(Table D28, Figure D7).

Delaware DFW

The Delaware Division of Fish and Wildlife
(DE DFW) has conducted a standardized bottom
trawl survey (30 ft headrope trawl with 0.5 in.
stretch mesh) since 1280. A recruitment index
(age O, fish less than 30 cm) has been developed
from these data for the 1980 to 1992 year classes.
The index incorporates data coliected from June
through October (arithmetic mean number per

tow), with age 0 bluefish separated from older fish
by visual inspection of the length frequency. This
index suggests that strongest year classes re-
cruited to the stock in 1988 and 1989, with
poorest recruitment in 1981 and 1991 (Table
D29, Figure D7).

Virginia Institute of Marine Science

The Virginia Institute of Marine Science (VIMS)
has conducted a juvenile fish survey using trawl
gear in Virginia rivers since 1955. A index of
recruitment developed from these data suggests
that since 1979, strongest year classes recruited
to the bluefish stock in 1981, 1984, 1989, and
1990, and poorest year classes in 1979-1980,
1985-1987, and 1991. Resulis are incomplete
for 1993. VIMS also conducts a haul seine survey
targeting juvenile striped bass in Chesapeake
Bay. An index of age O abundance for bluefish
from this survey indicates strong year classes
recruiting in 1983, 1985, 1987, 1991, and 1993,
with poor year classes in 1986 and 1992 (Table
D30, Figure D7).

North Carolina DMF

The NC DMF has conducted a juvenile fish
trawl survey, which samples fixed stations from
the Cape Fear River to the mouth of Albermarle
and Currituck Sounds at depths < 2 m, during
May and June since 1979. One minute tows are
made using a trawl with a 3.2 m headrope and
3.2 mm (0.13 in.) mesh codend. Indices of
abundance developed from this survey using
data for shrimp, croaker, and spot have shown
good correlation with landings for those species.
For age-O bluefish, the NC DMF juvenile fish
trawl survey suggests that strong year classes
recruited to the sfock in 1981, 1987, and 1989,
with the poorest vear classes recruiting in 1984,
1986, and 1992.

A recenily established survey has sampled
the Neuse and Pamlico Rivers and Pamlico Sound
at depths > 2 m since 1987. This survey uses a
demersal trawl rigged with a 9.1 m headrope and
1.9 cm (0.75 in.) mesh codend. An index of age-
0 bluefish abundance devetoped from these sur-
vey data suggests that the best year classes of
bluefish recruited in 1990 and 1891 (Table D31,
Figure D7).



Table 1323. Total commercial landings and recreational catch mean weights at age (kilograms) for bluefish. Lengths converted to age using NC DMF comnmercial

fishery anmual age-length keys.

Age
0 1 2 3 4 5 6 7 8 9 10 11 12

1982 0.143 0.465 1.554 2.066 3.158 4.313 5.104 5.812 6.556 8.557 7.743 8.251 8.187
1983 0.070 0.401 0.968 2.174 3.149 4.514 5.651 6.205 6.823 8.740 5.374 7.909 8.376
1984 0.100 0.400 0.904 1.833 2.932 4.527 5.674 6.275 7.174 8.416 7.171 8.404 8.404
1985 G.103 0.385 0.995 1.912 2.797 4.079 5.164 6.140 6.839 8.279 8.356 7.473 7.812
1986 0.097 0.491 1.235 2.298 3.160 4.344 4.803 5.611 6.795 7.534 7.672

1987 0.117 0.296 1.183 2.027 2.962 3.927 4.979 5.865 6.511 8.644 7.812

1988 0.198 0.408 0.960 1.909 2.787 3.638 4.765 5.266 6.062 7.623 6.327 8.404 7.877
1989 0.131 0.308 1.067 2.144 3.641 4.113 4.722 5.504 6.082 7.758 7.815 7.228 8.203
1990 0.216 0.501 0.881 1.732 3.246 4,189 4.488 5.053 5.436 7.451 8.404 8.404 8.404
1991 0.143 0.330 0.689 1.738 2.826 3.944 4.966 5.748 6.055 7.659 7.631 7.509 8.042
1992 0.166 0.391 1.010 1.867 2.794 3.296 5.116 5.796 5.950 7.873 7.869 7.869 8.404

Ll 8bey
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Note: 1993 index is preliminary

Table D24, Stratified mean number per tow of bluefish Table 25.  Stratified mean weight per tow (kilograms)
from Cape Cod to Cape Hatteras (inshore of bluefish from Cape Cod to Cape Hatteras
strata 1-46) from NEFSC autummn inshore (inshore strata 1-46) from NEFSC autumn
hottom trawl survey inshore bottom irawl survey

Year 95% Confidence Coefficient Year 95% Confidence Coefficient

Intervail of ____Interval of
Mean Low High Variation Mean Low High Variation

1974 9.830 5.335 14.326 25.3 1974 1.475 0.783 2.166 23.9

1975 14.223 0.351  28.094 49.8 1975 5.581 1.868 9.293 339

1976 43.944 - 286.723 - 61.164 20.0 - 1976 “B5.724  3.765 7.682 17.5

1977 58.332 15.189 101.474 37.7 1977 6.546 2.785 10.307 29.3

1978 14.550 11.105 17.995 12.1 1978 5.875 4.843 6.906 9.0

1979 45.528 29.678 61.379 17.8 1979 7.443 5.604 9.282 12.6

1980 37.605 13.482 61.729 32.7 1980 7.031 2.430 11.633 334

1981 107.368 69.352 145.384 18.1 1881 13.183 9.517 16.849 14.2

1982 34.246 15.066  53.425 28.6 1982 4.823 2.484 7.161 24.7

1983 21.006 6.738  35.425 28.6 1983 3.088 1.609 6.307 30.3

1984 59.841 39.575  80.108 17.3 1984 7.682 5.960 9.404 11.4

1985 17.736 12,136 23.336 16.1 1985 3.451 2.658 4.244 11.7

1986 40.748 -1.037 B2.533 52.3 1986 3.913 1.860 5.966 26.8

1987 7.444 2.958 11.933 30.8 1987 2.703 1.940 3.467 14.4

1988 30.468 -16.489 77.424 78.6 1988 1.982 0.379 3.585 41.3

1989 91.273  46.512 136.035 25.0 1989 9.132 3.456 14.808 31.7

1990 9.321 5.099 13.543 23.1 1990 2.513 1.488 3.358 20.8

1991 15.797 5.670  25.923 32.7 1991 2.063 1.109 3.017 23.6

1992 17.865 14.467  21.264 8.7 1992 1.363 0.931 1.795 16.2

1993 1.911 1993 n/a

Table D26. Stratified mean number per tow of bluefish at age* NMFS NEFSC Autumn Inshore Bottom Trawl
Survey, Cape Cod to Cape Hatteras (strata 1-46), 1982-1993

Year Age

] 1 2 3 4 5 6 7 8+ Total
1982 21.632 12.434 0.074 0.061 0.013 0.000 0.602 0.004 0.020 34.246
1983 6.654 13.566 0.687 0.028 0.003 0.014 0.023 0.011 0.021 21.006
1984 39.210 19.897 0.606 0.097 0.058 0.025 0.031 0.033 0.007 59.841
18856 10.770 5.981 0.570 0.264 0.059 0.022 0.026 0.018 0.010 17.736
1986 31.524 8.514 0.448 0.080 0.053 0.039 0.031 0.019 0.033 40.748
1987 1.996 4.670 0.346 0.150 0.069 0.032 0.073 0.044 0.030 7.444
1988 28.733 1.421 0.077 0.018 0.032 0.055 0.033 0.025 0.050 30.468
1989 51.015 40.007 0,130 0.026 0.008 0.031 0.026 0.018 0.012 91.273
1990 4.614 4.369 0.225 0.009 0.013 0.015 0.026 0.017 0.033 9.321
1991 8.856 6.603 0.210 0.089 0.026 0.007 0.001 0.001 0.000 15.797
1992 14.181 3.399 0.169 0.0686 0.020 0.003 0.006 0.007 0.009 17.865
1993 0.598 1.138 0.083 0.044 0.011 0.014 0.011 0.003 0.002 1.911

* Agedusing annual NC DMF age-length keys from NC commercial fisheries, 1993 NC DMF keys used toage 1992 NEFSClengths.




Summary of Recruitment Trends in
Research Surveys

Indices of abundance for bluefish from re-
search surveys were used to qualitatively detect
recent trends in recruitment. Most surveys agreed
that the best recent year classes recruited in
1984 and 1989, with relatively poor year classes
in 1992 and 1993 (Figure D7).

ASSESSMENT RESULTS

The Subcommittee was unable to reach a
consensus on the status of the bluefish stock,
but the SARC recognized that the data and analy-
ses that were presented by the Subcommittee
represented an interim step in the development
of an age-structured assessment. However, the
SARC also felt that it was necessary to review the
data and analyses presented by the Subcommit-
tee that addressed terms of reference A-C, and to
make a statement cencerning the status of the
stock. :

The SARC noted that total catches have de-
clined from a peak of 76,500 mt in 1980 to only
22,000 mt in 1992. Most of the decline has been
due to a general decrease in recreational catch.
Commercial catches have remained stable (Fig-
ure D1). Recreational fishing effort has declined
from the peak level in 1980, but has been stable
during 1987-1992 (Figure D3). Recent indices of
age-0 bluefish abundance from NEFSC, Rhode
Island, Connecticut, Delaware, Virginia, and North
Carolina research surveys indicated recruitment
was strong in 1984 and 1989, and relatively poor
in 1992 and 1993 (Figure D7). Indices of stock
abundance available from fisheries data suggest
a general decline from record high bluefish stock
biomass levels since 1979 (Figure D2). Indices of
abundance have declined at higher rates in more
northern waters, implying that availability of
bluefish in New England waters (Maine-Conn.)
has declined relative to the Mid-Atlantic (N.Y.-
Vir.) and South Atlantic (N.C.-Fla.) regions (Fig-
ures D4-D5). Current levels of stock biomass are
probably similar to levels that occurred prior to
the increase of the stock in the 1970s. The SARC
concluded the bluefish stock was at a medium
level of historic abundance (1960-1993) and is
probably fully exploited.

The declining trend in recreational catch com-
bined with relatively low recruitment since 1989
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Figure D7. Indices of recruitment (age 0) for bluefish
from research trawl surveys.

will likely result in lower recreational catches in
1994, Commercial catches have been stable in
recent years. The reasons for the differential
trends in the fisheries are not well understocd,
but probably reflect changes in availability and
targeting of local concentrations of bluefish. The
SARC concluded that a reduction of the fishing
mortality rate on bluefish could be used to re-
duce the rate of decline of stock abundance.

NEFSC HUMBER PER TOW
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SARC COMMENTS Table D27. Mean number per tow of age 0 bluefish
(less than 30 cm) from A} RI DFW {all trawl

. survey in Narragansett Bay and Rhode
The SARC debated at length the appropriate- Island Sound and B} RI DFW beach seine

ness of various assumptions and analytical tech- survey in Narragansett Bay.
niguies used in the bluefish assessment. Various :
definitions of directed recreational fishing effort
for deriving CPUE measures were discussed. A) Trawl survey
These included defining directed effort as only

those trips catching bluefish, versus considering Year Mean
both trips catching fish as well as those that 1979 0.61
target bluefish but have zero catch. - Develop- 1980 9 39
ment of an analytical assessment for bluefish is 1981 4.67
critically dependent on abundance-at-age indi- _ 1982 2.23
ces from the recreational survey. 1983 3.20

The natural mortality rate for bluefish has 1984 20.57
previously been assumed to be 0.353, based on 1985 2.32
the scarcity of fish older than age 8 in available 1986 7.68
length-age data, and an assumed maximum age 1987 20.60
of 12 years. Current length-age data (i.e., the NC }ggg Z'ii
DMF age-length keys) indicate that significant 1990 5.54
numbers of fish at least 12 years old are present 1991 18.74
in the catch and it seems likely that bluefish 1992 1.62
reach ages older than 12 years. The SARC 1993 3.04
suggested. that values of M for bluefish in the Mean 7.00
range of 0.2 to 0.25 might be more appropriate.

The Subcommittee has not yet tabled an B} Seine survey
analytical assessment, since there is consider-
able debate as to the most appropriate assess- Year Mean
ment technique and assumptions such as natu- 1986 13.6
ral mortality rate. The SARC expressed concern 1987 24.9
that the Subcommittee may not reach a conser- 1988 12.8
sus on these issues and that if a single analytical 1989 16.5
assessment cannot be agreed upon by the Sub- 1990 27.3
commitiee, that the SARC assume the role of 1691 20.1
arbiter. It was agreed that the SARC could, in 1992 5.4
theory, provide valuable external review when a ;Aiii ?544

Subcommittee could not reach a consensus. The
Subcommittee members present concluded that

Table 28. Mean number per tow of bluefish at age: Connecticut trawl survey (April-November). Fish from the
1988-1993 surveys were aged by application of pooled 1984-1987 CT DEP age-length key.

Year Age

0 1 2 3 4 5 6 7 8+ Total

1984 38.41 0.59 0.56 0.22 0.04 0.01 0.02 0.01 0.00 39.88
1985 32.83 1.42 0.97 0.45 0.22 0.04 0.05 0.06 0.008 36.05
1986 31.45 1.97 1.27 1 0.30 0.19 0.10 0.04 0.02 0.006 35.35
1987 8.76 1.36 0.58 0.17 0.13 0.08 0.04 0.00 0.003 11.12
1988 10.64 0.69 0.46 0.29 0.19 0.14 0.08 0.003 0.003 12.50
1989 37.30 1.48 0.57 0.16 0.27 0.22 0.05 0.006 0.00 40.06
1990 23.79 2.97 0.63 0.09 0.12 0.17 - 0.02 0.00 0.00 27.79
1991 24.40 3.50 1.39 0.13 0.09 011  0.05 0.00 0.00 29.67
1992 24.30 3.32 1.73 0.17 0.15 0.28 0.005 0.00 0.00 29.96
1993 12.06 0.58 1.01 0.41 0.18 0.05 0.00 0.00 0.00 14.29




Table D29. Mean number per tow of age 0 bluefish
{less than 30 cmj from DE DFW summer
trawl survey in Delaware Bay

Year Mean
1980 0.02
1981 0.00
1982 0.03
1983 0.03
1984 0.05
1985 0.07
1986 0.17
1987 0.13
1988 0.22
1989 0.70
1990 0.14
1991 0.06
1992 0.08
Mean 0.13

it was possible to reach consensus and table an
analytical assessment for bluefish incorporating
the useful comments by the SARC concerning
data and assumptions. The SARC review is
based on indices of abundance from commercial
- and recreational fisheries and research vessel
surveys. In particular, the evaluation of the level
of exploitation is tenuous and will be improved by
more definitive results from analytical assess-
ments. With SARC concurrence, the Subcom-
mittee will continue the development of analyti-
cal assessments with a goal of tabling an agreed-
upon assessment in January 1994.

The SARC Pelagic/Coastal Subcommittee met
on 5 January 1994 to review new assessment
analyses of bluefish (completed after the SAW-17
SARC meeting in early December 1993) and to
reach a consensus on best estimates of stock size
and fishing mortality rates. The Subcommittee
reviewed results from three different assessment
models {ADAPT VPA, Delury, and CAGEAN]),
evaluated fishery and research survey selectivity
patterns, examined alternative yield per recruit
analyses, and discussed the adequacy and ap-
propriateness of various indices of stock abun-
dance and fishing effort. Although a number of
issues were resolved during the meeting, the
Subcommittee was unable to agree upon a defini-
tive assessment, and hence unable to provide
consensus of best estimates of stock abundance
and fishing mortality.
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Table 1230, Mean number per tow of age 0 bluefish
{less than 30 cm) from A) VIMS trawl
survey in Chesapeake Bay and B) VIMS
Jjuvenile striped bass haul seine survey in
Chesapeake Bay.

A) Trawl Survey

Year Number Tows Mean/
of Fish Tow
1974 8 747 0.01
1975 9 787 0.01
1976 78 1187 0.07
1977 44 868 0.05
1978 37 1130 0.03
1979 16 813 0.02
1980 11 561 0.02
1981 28 489 0.06
1982 17 587 0.03
1983 14 482 0.03
1984 25 475 0.05
1985 5 310 0.02
1986 6 374 0.02
1987 4 334 0.01
1988 39 889 0.04
1989 131 840 0.16
1990 79 827 0.10
1991 7 768 0.01
1992 27 765 0.03
1993 0 310 0.00
mean 29 677 0.04
B) Seine Survey
Year Number Number Mean/
of Fish of Hauls Tow
1980 7 89 0.08
1981 14 116 0.12
1982 12 106 0.11
1983 16 102 0.16
1984 7 106 0.07
1985 19 142 0.13
1986 4 144 0.03
1987 34 144 0.24
1988 7 180 0.04
1989 13 180 0.07
1990 14 180" 0.08
1991 22 180 0.12
1992 2 180 0.01
1993 27 180 0.15
mearn 14 145 0.10
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Table D31. Mean number per tow of age O bluefish
from NC DMF juvenile fish trawl survey,
and B) NC DMF trawl survey in Pamlico
Sound

A) Juvenile fish trawl

Year Mean
1979 0.05
1880 0.08
1981 0.15
1982 .04
1983 .03
1984 0.02
1985 0.04
1986 0.01
1987 0.12
1988 0.07
1989 0.30
1990 0.07
1991 0.07
1992 0.01
mean 0.08

B) Pamlico Sound trawl

Year Mean
1987 0.20
1988 0.19
1889 0.33
1990 0.36
1961 0.41
1992 0.26
1993 0.26
mean 0.29

The Subcommittee believes that both the
DeLury and CAGEAN models offer promise in
developing a definitive, quantitative assessment
of bluefish. However, further Subcommittee
analyses examining the assumptions and input
sensitivity of these models are required before
accepting any of the results. The Subcommitiee
envisages that these analyses can be completed
by mid-February 1994.

RESEARCH RECOMMENDATIONS

e The intensity of biological sampling of the
NER commercial and coastwide recreational
fisheries (expressed as mt/100 lengths) has
historically been low, and has worsened since
1989 for the NER commercial fishery. The
SARC recornmends increased biological sam-

pling of the NER commercial and recreational
fisheries, and the collection of age samples
from the recreational fishery.

There are some inconsistent patterns in mean
weights at age acrossvears (e.g., during 1990-
1992, ages 0-2). Some of these patterns may
be due to changing contributions of different
gears, which exploit certain age groups of fish
at different times of the year, or due to inad-
equate sampling. The SARC suggests using
sums-of-product checks, examination of
sample mean length/weight at age data, or
other appropriate analytical methods to in-
vestigate potential errors. Presentation of
catch at age, mean length at age, and mean
weight at age matrices for each of the four NC
commercial fisheries (summer pound net,
summer haul seine, winter gill net, and win-
ter trawl) may help clarify why these incon-
sistencies are present. Mean length at age
matrices for the NER commercial and recre-
ational fisheries should also be presented in
the assessment.

A great deal of discussion was undertaken
regarding the appropriate measure of effort
for the recreational fishery. The SARC de-
cided that the Subcommitiee could enhance
the present method of calculating recreational
effort by examining alternate definitions of
recreational fishing effort. The Subcommit-
tee should readdress effective effort in the
future to better reflect the question of target-
ing. The Subcommittee should present mea-
sures of CPUE under different assumptions
of effective effort to allow evaluation of the
sensitivity of results.

The question of the units of effort expended in
the recreational CPUE was also raised, i.e.
whether catch per trip is a realistic measure
when trips may be of variable duration. The
SARC recommends that the Subcommittee
assess these topics and explore the potential
effect of these parameters.

Concerns were raised by the comimittee over
the adequacy of data to provide meaningful
catch at age models. The SARC suggested
that perhaps other models could provide a
better analysis given the variability and reli-
ability of the underlying data. The SARC
recommends that the Subcommittee exam-
ine the current age-structured approach to
see il it is appropriate given the low level of
biclogical sampling of the NER commercial



and coastwide recreational fisheries. It may
be beneficial to explore other methods such
as length-based and modified DeLury models
in determining the best alternative.

® Many difficuities evident in this assessment
reflect the unavailability of a version of the
ADAPT VPA that can be used by a wider
spectrum of assessment scientists. The SARC
supports development of a user-friendly ver-
sion of the ADAPT VPA software and a tutorial
on using the method.
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E. ATLANTIC BUTTERFISH

TERMS OF REFERENCE

The following terms of reference were ad-
dressed:

a. Compute revised research vessel survey indi-
ces and evaluate the stock with respect to
survey-based management reference points

b. Develop CPUE series based on GLM models
incorporating area, vessel, and percent di-
rected fishing

c. Assess the role of discards in the fishery

d. Review MSY

INTRODUCTION

- Atlantic butterfish (Peprilus triacanthus) range
from Newfoundland to Florida and are found in
commercially-exploitable concentrations hetween
Cape Hatteras and Southern New England.
For management purposes, the butterfish popu-
lation in waters north of Cape Hatteras is as-
sumed to constitute a unit stock. This stock
migrates inshore and northward during the sum-
mer and offshore and southward during the
winter in response to seasonal changes in water
temperature on the shelf.

DESCRIPTION OF THE FISHERY

Atlantic butterfish have been landed by do-
mestic fishermen since the 1800s, and from 1920
to 1962 the annual domestic harvest has aver-
aged 3.500 mt per year. Foreign landings began
in the mid-1960s and averaged 8,000 mt during
1965-1976 (Table E1). Total annual landings
peaked in 1973 at 18,500 mt but since 1977 have
ranged between 2,000 mt and 12,400 mt. From
1977 to 1987 (when foreign fishing was being
phased out), annual landings of butterfish aver-
aged 6,100 mt. Since 1988, annual landings
{solely U.S.) have averaged 2,500 mt per year.

In 1992, hutterfish landings totaled 2,700 mt
in 1992, 25% higher than in 1991, but still
among the lowest domestic harvests since 1978.
Nearly half (459) of the 1992 landings was taken

Table £E1. Landings {metric tons) of Atlantic
buttertish (Pepriluts triacanthus) from Cape
Hatteras to the Guilf of Maine, 1965 to
1992
Year United States Foreign Total
1965 3,340 749 4,089
1966 2,615 3,865 6,480
1967 2,452 2,316 4,768
1968 1,804 5,437 7.241
1969 2,438 15,073 17,511
1970 1,869 9,028 10,897
1971 1,570 6,238 7.853
1972 819 5,671 6,490
1973 1,657 17.847 19,454
1974 2,528 10,337 12,865
1975 2,088 9,077 11,165
1976 1,528 10,353 11,881
1977 1,448 3,205 4,653
1978 3.676 1,326 5,002
1979 2,831 840 3,671
1880 5,356 879 6,235
1981 4,855 936 5,791
1982 9,060 631 9,691
1983 4,905 630 5,635
1984 11,972 429 12,401
1985 4,739 804 5,643
1986 4,418 164 4,582
1987 4,608 0] 4,508
1988 2,001 0 2,001
1989 3,203 1 3,204
1990 2,298 3 2,301
1991 2,189 0 2,189
1992 2.678 0 2,678
1993! 2,679 2,679
Average
1965-78 2,051 7,999 10,050
1977-87 5,252 895 6,147
1988-92 2,474 1 2,475
1965-92 3,384 3,920 7,187
I Predicted

from Southern New England watetrs (Statistical
Area 53, Figure 2, page 6), and landings from
Southern New England and the New York Bight
(Area 61) accounted for over 75% of the 1992
total {Table E2). Temporally, 48% of the 1992
harvest was taken in January and February.
Landings patterns in 1992 were similar to those
in recent years.
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Based con provisional January-October 1693
landings data, totai butteriish landings in 1993
are projected to be 2,700 mt.

Butterfish are managed by the Mid-Atlantic
Fishery Management Council under provisions
of the Atlantic Mackerel, Squid, and Butterfish
Fishery Management Plan. In 1992, the maxi-
mum optimum yieid and the allowable biological
catch for butterfish were each set at 16,000 mt,
and the domestic allowable harvest was set at
10,000 mt (MAFMC 1991). Identical specifica-
tions pertain-in- 1993 and 1994 (MAFME-1992):

DATA SOURCES

Commercial U.S. landings data from 1989
through 1992 were taken from the NEMFIS data
base and general canvass sources. Landings
data for 1965 to 1988 were provided in the Report
of the 10th SAW (NEFSC 1990). Effort data used
in the analysis of domestic LPUE from 1982-1992
were extracted from the NEMFIS data base.
Domestic observer data used to quantify dis-
carding of butterfish were taken from the NEFSC
Domestic Sea Sampling Program data base.

A multiplicative GLM model {Gavaris 1980)
was used to standardize fishing effort (in terms of
days absent) during 1982-1992 in the U.S, otter
trawl fishery for butterfish (Brodziak 1993).
A main effects model was used with year, area,
and tonnage class as factors {R? = 0.34) (Table
E3). Month was initially included as a factor but
contributed little to the Type HI sum of squares,
and was thus subsequently exciuded to avoid
overparameterization of the model (Searle 1987).

As in previous assessments (NEFSC 1990),
indices of relative abundance of butterfish were
derived from NEFSC spring and autumn bottom
trawl surveys conducted from Cape Hatteras to
Georges Bank [offshore strata 1-14, 18, 19-20,
23, 25, and 61-76; inshore strata 1-46) (Grosslein
1969; Azarovitz 1981}. :

ASSESSMENT RESULTS

Abundance and Mortality

Standardized fishing effort (in terms of days
absent) increased in 1992 while standardized
LPUE slightly declined (Table E3, Figure E1), The
LPUE and standardized abundance indices were
highest during 1982-1984. The lowest values in
both series have occurred in recent years (Le.,
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Figure E1. Comparison of butterfish recruit
abundance per survey tow and
standardized LPUE from 1982-1992.

from 1988 onward). Effort has fluctuated without
trend since 1984.

NEFSC research survey indices indicate that
butterfish stock abundance was low during the
late 1960s-early 1970s but high during 1979-
1985 and 1988-1990 (Tables E4 and E5; Figure
E2). The most recent indices (spring 1992-1993;
autumn 1991-1992) indicate a decline in abun-
dance and biomass from 1990; the autumn 1992
weight-per-tow index and the age l+ number-
per-tow index were among the lowest values in
the survey time series (Table E5). The spring
1993 weight-per-tow index was also among the
lowest ever observed (Table E4).

In contrast to the total stock indices, survey
pre-recruit (age Q) indices have remained high in
recent years (Table E5). Prerecruit indices in
autumn 1988-1990 were among the highest on
record, and the 1991 and 1992 prerecruit values
were average and 40% above-average, respec-
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Figure E2. Abundance and weight per tow of
butterfish from the NEFSC Fall bottom
trawl survey.

tively. Thus, despite declines in the adult (age 1+)
stock, butterfish recruitment has continued to
be good.

Estimates of total instantaneous mortality
(Z) for butterfish (Table EB) were calculated from
NEFSC autumn survey number per tow at age
indices (Tabie E5) by:

Z=1n[

Total mortality rates for all age groups appear to
have increased in recent years. Values of Z
during 1989-1992 for age O fish are the highest
on record, and the 1989-1991 values for age 1
butterfish are among the highest. Age 2 fish have
displayed very high Z's from 1986 onward.

Nopgert-1) (1
N0

Discard Rates

Domestic observer data collected by the
NEFS5C Sea Sampling Program were used to
quantify discarding of butterfish caught with
bottom otter trawl gear during 1989 to 1992.
Monthly observations on butterfish discards from
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a fotal of 159 tows were pooled across trips and
years (Table E7). Monthly discard ratios {per-
centage of total catch discarded) range from 69%
to 100% (Table E8). However, the quantities of
butterfish kept in all months is very low, suggest-
ing that the available sea sampling data are not
representative of the directed fishery for hutter-
fish (where much larger quantities kept would be
expected). Further evaluation of the precision
and design of the sea sampling program in ad-
equately characterizing butterfish discards (by
fishery) is needed, before atiempting to estimate
the absolute magnitude of discards. A previous
report on butterfish (Waring 1986) noted that
“very high discard rates (30 to 100%) were ob-
served by NMFS port agents during mid-1983-
1985".

Biological Reference Points

Overfishing for buttertish is defined to occur
when the three-year moving average of prerecruits
from the NEFSC autumn bottom trawl survey is
below the first quartile of this series. For the
purpose of applying the definition in 1892, 1993,
and 1994, the lowest quartile consists of the
seven lowest age O indices (Table EB); the three-
year moving average of the prerecruit serfes must
be less than the largest index in this quartile for
overfishing to occur. Given the 1992 autumn age
0 index of 230.3 (Table E5), the three-year mov-
ing prerecruit average in 1992 was 242.3. If the
1993 and 1994 prerecruit indices are both O, the
corresponding three-year moving averages would
be 132.9 and 76.8, respectively. The largest
prerecruit index in the lower quartile of values
during 19982, 1993, and 1994 would correspond
to 78.59, 73.20, and 47.73. Thus. according to
the overfishing definition, butterfish were not
overfished in 1992, and will not be overtished in
1993 and 1994.

No new information was available that could
be used as a basis for changing the current MSY.

Murawksi and Waring (1978) estimnated that
F,, for Atlantic butterfish was 0.47, 0.69, 0.96,
and 1.38 for mesh sizes of 30, 60, 80, and 100
mm, respectively, provided that instantaneous
natural mortality was 0.8 yr*. Corresponding
estimates of F_, were 0.71, 1.33, and greater
than 2.50 for mesh sizes of 30, 60, and 80 or 100
mm, respectively. A high natural mortality rate,
such as 0.8, has a large influence on the magni-
tudes of reference points such as F_, and F
This reduces the proportional 1mpact of ﬁshery—
related mortality (i.e., landings and discards) on



Table E2.

Atlantic butterfish (Peprilus irtacanthus) landings (metric tons) in 1992, by 2-digit statistical area and month

Area Jan Feb Mar Apr May June July Aug Sep Oct -Nov | Dec Totals

51 0.51 - - - - 0.01 0.02 - 0.04 0.09 0.48 0.01 1.15

52 0.01 88.70 21.00 58.45 8.59 13.13 1.13 1.23 1.36 2.90 0.135' 0.31 196.94

53 535.00 218.33 ~ 32.04 20.41 29.78 73.31 11.63 26.44 66.41 48.12 29.80° 113.13 1204.40

56 - - - 7 - - 0.17 2.19 - - - - - 2.36

61 155.06 271.27 103.87 28.54 24.83 46.72 23.48 23.82 30.08 31.47 63.33 43.23  845.70

62 2.68 3.69 12.76 4.94 2.94 35.50 13.16 15.33 99.21 60.94 83.38; 28.31 362.83

63 0.01 0.01 0.03 - - 0.01 - - 0.68 37.19 26.49 - 64.42
|

Totals 693.27 H82.00 169.70 112.33 66.14 168.85H 51.61 66.82 197.78 180.71 203.60: 184.98 2677.80

% 26% 22% 6% 4% 2% 6% 2% 2% 7% 7% 8% :_ 7%

Avg %

1990-92

22%

16%

8%

4%

3%

5%

2%

5%

12%

10%

6%

7%

a8 abed



Table E3. Standardized fishing effort (days absent)
and standardized landings-per-day absent
(LPUE) for the U.S. otter trawl fishery for
Atlantic butterfish (Peprilus triacanthus),
1982 - 1992. The U.S. otter trawl fishery
is defined as trips landing butterfish during
January-March and September-
December from Statistical Areas 526, 537,
539, 613, 618, 621, or 622.

Year Domestic Standardized Standardized

' LPUE! fishing effort abundance

(mt/day {days absent) index?
absent)

1982 6.65 1005.7 1.00

1983 2.85 990.3 0.43

1984 6.19 1595.8 0.93

1985 2.35 1356.9 0.35

1986 1.75 1829.7 0.26

1987 2.56 1361.0 0.38

1988 0.88 1532.3 0.13

1989 1.28 1560.2 0.19

1990 0.99 1404.7 0.15

1991 1.20 1143.4 0.18

1992 1.13 1676.1 0.17

Average

1982-92 2.53 1405.1

! For trips used in the general linear model, the ratio of total
landings {mt) to standardized fishing effort.
2 Ratto of annual LPUE to LPUE in 1982,

the magnitudes of the reference points. Waring
and Anderson {1983) estimated F_ | for butterfish
at 1.60. This value is based on data that was
collected over a decade ago; thus, an updated
estimate of F , based on current exploitation
patterns is needed.

DISCUSSION

Since 1987, butterfish landings have aver-
aged 2,500 mt per year - only 25% of the Domestic
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Table £4. Stratified mean catch per tow in numbers
and weight (kilograms) of Atlantic
butterfish from NEFSC spring bottom trawl]
surveys, Cape Hatreras to Georges Bank
(Strata 1-14, 16, 19, 20, 23, 25, 61-78),
1968 - 1993

Year Mean (CV%) Mean (CV%)

Number/ Number/
Tow Tow

1968 33 {59%0) 2.0 {63%)

1969 31 (80%) 3.1 (83%0)

1970 10 (299%%) 0.5 {30%)

1971 22 (56%) 0.8 (41%)

1972 228 (96%) 6.6 (9290)

1973 69 {(33%) 5.4 (40%0)

1974 25 (49%) 1.7 (48%)

1975 121 {20%) 4.0 (19%)

1976 31 (44%} 1.3 (29%}

1977 7 {349%0) 0.6 (33%)

1978 5 (29%0) 0.3 (3290)

1979 13 (36%) 1.0 {42%}

1980 58 (24950) 3.2 (26%0)

1981 44 (21%) 2.5 {30%)

1982 49 {42%) 2.5 (42%0)

1983 65 (429%) 3.9 (67%)

1984 16 {42%) 0.7 (37%)

1985 38 (45%0) 1.6 (40%)

1986 66 (46%) 2.8 (4196}

1987 16 (40%) 0.6 {31%)

1988 13 (38%) 0.5 (30%)

1989 32 (81%) 0.8+ (B7%)

1990 9 (45%) 0.4 (39%)

1991 28 {71%) 1.0 {59%)

1992 27 (409¢) 0.8 (32%)

1993 18 (21%} 0.6 (219%)

Average

1968-92 42 (46%6) 1.9 (44%)
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Table £5. Stratified mean numbers per tow at age and stratified mean weight (kilograms) per tow of Atlantic
butterfish (Peprilus triacanthus) in NEFSC autumn hottom trawl surveys, Cape Hatteras to Georges
Bank {offshore strata 1-14, 16, 19-20, 23, 25, and 61-76; inshore strata 1-46), 1968 - 1992
Year Age Total Age 1+ Mean Wt 3-Year
- Wt Per Mean
0 i 2 3 4 Tow of Age O
1968 41.28 50.59 1.64 0.10 0.00 93.61 52.3 7.7 -
1969 39.48 18.82 2.12 0.18 0.00 60.58 21.1 3.9 -
1870 26:43 11.24¢ (.86 0.0 7 0.00 3863 7 122 el 35.73
1971 208.85 8.76 0.70 0.24 0.00 218.535 9.6 4.3 91.58
1972 73.20 8.34 0.31 0.05 0.00 81.90 8.7 2.7 102.82
1973, 119.10 27.73 1.50 0.07 0.00 148.40 29.3 6.1 133.71
1974 82.13 15.96 1.74 0.37 0.00 160.20 18.0 3.8 91.47
1975 26.34 17.54 1.71 0.15 0.00 45.74 19.4 2.3 75.85
1976 110.63 26.50 2.12 0.33 0.00 139.58 28.0 5.8 73.03
1977 47.73 32.78 6.22 0.24 0.060 86.97 39.3 5.2 61.56
1978 134.96 7.96 10.18 1.05 0.00 154.15 19.2 4.3 97.77
1879 231.51 73.01 4.85 0.18 0.00 309.55 78.1 12.1 138.06
1980 233.19 80.42 18.82 0.73 0.04 333.20 100.0 15.2 199.88
1981 234.55 47.14 12.88 0.29 0.01 294 .87 60.3 7.0 233.08
1982 80.31 26.12 4,73 0.14 0.14 111.44 30.7 4.7 182.68
1983 368.77 78.49 10.70 3.256 0.07 451.28 92.5 12.8 224 .54
1984 268.60 79.55 11.07 2.79 0.00 362.01 93.4 11.4 235.89
1985 286.26 85.69 12.40 2.27 0.09 386.71 100.4 15.2 304.54
1986 140.16 29.75 12.19 1.96 0.33 184.39 44.3 6.8 231.67
1987 78.59 31.55 7.17 0.25 0.00 117.56 39.0 4.7 168.33
1988 282.28 21.59 13.29 0.20 0.00 317.36 35.1 7.3 167.01
1989 332.31 49,95 15.05 1.03 0.00 308.34 66.0 12.2 231.06
1990 328.29 33.35 3.89 0.95 0.00 366.57 38.3 8.2 314.29
1691 168.38 20,53 3.60 0.29 0.00 192.80 24.4 5.3 276.32
1992 230.26 9.54 4.51 0.09 0.00 244.40 14.1 4.5 242.31
1968-91 _
Average 163.89 36.81 6.66 0.72 0.03 208.10 44.2 7.2

Allowable Harvest of 10,000 mt - and well below
historical yields (Table E1). Japanese demand
for butterfish exports has decreased in recent
years (MAFMC 1992}, and this has probably had
a negative impact on butterfish landings. Since
. 1987, commercial LPUE has remained low while
standardized fishing effort has remained rela-
tively stable (Table E3). Butterfish abundance,
based on both NEFSC age 1+ survey indices and
cominercial LPUE indices, was lower in 1991-
1992 than during the 1982-1987 period
(Figure E2).

Research survey indices (Table E5) suggest
that butterfish survival to age 2 has deciined
since 1990. Estimates of total mortality derived
from these indices suggest that age 0 butterfish
mortality rates have increased since 1989, and
that age 2 mortality has been high since 1987
(Table E6). Despite the recent decline in the

adult stock (Table EB), the abundance of
prerecruits has remained above average since
1987.

While survey data indicate that abundance of
butterfish prerecruits has remained high, esti-
mates of survival among older ages has decreased.
This may reflect one or more of the following: an
increase in the rate of natural mortality in recent
years, an increase in discard mortality, a reduc-
tion in availability of older individuals relative to
younger individuals. Given this uncertainty,
estimates of Z as well as F from the survey data
are unreliable.

Overall, it appears that the butterfish stock is
at a low to medium biomass level. While exploi-
tation rates could nct be determined, butterfish
are underexploited relative to management tar-
gets.  An increase in landings seems unlikely
unless market demand improves.



Table E6. Estimates of age-specific instantaneous
total mortality rates {Z} for Atlantic
butterfish (Peprilus triccanthus) derived
from the NEFSC auiumn bottom trawl
surveys, 1968 - 1992

Year Age-0  Age-1 Age-2 Age-3

1968/69 0.79 3.17 2.33 -1

1969/70 1.26 3.09 3.05 -

1970/71 1.10 2.78 1.28 -1

1971/72 3.22 3.34 2.64 -1

i972/73 0.97 1.72 1.49 -

1973/74 2.01 2.77 1.40 -t

1974/75 1.54 2.23 2.45 -

1975/76 -2 2.11 1.65 -t

1976/77 1.22 1.45 2.18 -1

1977/78 1.79 1.17 1.78 -1

1978/79 0.61 0.50 4.04 -1

1979/80 1.06 1.36 1.89 1.50

1980/81 1.60 1.83 4.17 4.29

1981/82 2.19 2.30 4.52 0.73

1982/83 0.02 0.89 0.38 0.69

1983/84 1.51 1.96 1.34 -

1984/85 1.14 1.86 1.58 3.43

1985/86 2.26 1.85 1.84 1.93

1986/87 1.49 1.42 3.89 -

1987/88 1.29 0.86 3.58 -1

1988/89 1.73 0.36 2.56 -1

1989/90 2.30 2.55 2.76 -1

1990/91 2.77 2.23 2.60 -1

1991/92 2.87 1.52 3.69 -1

Average

1968-91 1.47 1.91 2.41 -1

! No total mortality estimate was made for this age group.

2

2 Infeasible estimate.

RESEARCH RECOMMENDATIONS

e (iven that butterfish is a short-lived species,
new approaches to the assessment and man-
agernent of the stock may be required. A more
adaptive, real-time assessment/management
system will be needed to attain full exploita-
tionn of the stock while, at the same time,
ensuring that adequate levels of spawming
stock are achieved. Examples of the types of
assessment and management procedures that
have proved successful for short-lived spe-
cies are provided in the 1993 report of the
ICES Working Group on Methods of Fish
Stock Assessment (ICES 1993).
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® Data need to be collected to make reliable
estimates of discards, particularly discards
associated with the directed fishery. The
design and/or implementation of the Sea
Sampling program needs to be improved so
that data are collected from all components of
the fishing fleet. Data currently available
from the NEFSC sea sampling program are
not adequate because most of data appear to
come from trips in which butterfish was not
the target species.

® The exploitation pattern and levels of dis-
carding need to be estimated to allow revised
computation of expleoitation rates and bio-
logical reference points such as F and F__ .
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Table E7. Meonthly Atlantic butterfish trips (T} and calches (C, metric tons) from bottom otter trawl trips recorded in the NEFSC Sea Sampling database, 1989-

92
Area

521 522 526 537 538 539 611 613 616 621 622
Month T c T C C T c C T C C C T c T C T C
Jan 11 0.953 4 | 3,133
Feb 3 | 0.634 2 | 0.021
Mar 2 | 0.005 2 | 0.025
Apr 1 {00841 |0096] 1 |0.210
May 0.040 | 1 | 0.227 0.186 0.055 : 4 | 0.091
Jun 1 0 2 0 0 1 | 0.093 0 3 | 0.157
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Aug 0.014 | 2 | 0.029
Sep 11 0077 6 | 5.910 0.448 | 1 | 0.003 3 | 0.048
Oct 4 | 1.517 3 | 0.085 0.307| 1 {0.266 | 3 | 0.072
" Nov 2 | 2.386 4 | 0.361 0.034] 1 | 0.261
Dec 1 | 0.160 5 3.0?44
Al 1 0 1 |0.077 0.014 | 20| 10.911 0.488 [ 11| 0.929 0.186 0.396] 17| 7.448 (18| 0.849 | 3 | 0.232

Catches of 0 are due to rounding
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Table E8. Monthly caiches and discards (mt} of
Atlantie butterfish (Peprilus triacanthus)
from bottom otter trawl trips in the NEFSC
Sea Sampling Program database, 1989 -
1992

Month  Weight Weight Discard

Discarded Kept Ratio!
{mt) (mt)

Jan 3.040 1.046 744

Feb .634 .021 .968

Mar .031 .000 1.000

Apr 373 .018 .954

May .548 .051 915

Jun 250 .000 1.000

Jul 495 .000 1.000

Aug .036 .006 837

Sep 6.477 009 999

Oct 1.543 704 .687

Nov . 3.008 034 .989

Dec 3.204 000 1.000

Total 19.640 1.889 912

! Ratio of weight discarded to total weight kept and discarded.
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F. LONG-FINNED SQUID

TERMS OF REFERENCE

Terms of reference for Loligo pealeiwere final-
ized by the SAW Steering Committee iIn Septem-
ber 1993 [see Report of the 16th Northeast Re-
_.gional Stock Assessment Workshop (16th SAW),
The Plenary, NEFSC Ref. Doc. 93-19: p. 52-54].
The assessments of Loligo was designated by the
Steering Group as ‘1st priority’ - indicating that
all terms of reference should be met. The follow-
ing terms of reference, provided by the SAW
Steering Committee, were addressed:

a. Provide updated calculation of yield and
spawning stock hiomass per recruit and other
standard biological reference points.

b. Provide updated minimum biomass and re-
cruitment estimates based on areal expansion of
research vessel survey data.

c. Continue development of DeLury population
estimators based on research vessel survey and
commercial CPUE and length composition data.

d. Recalculate CPUE series based on general
linear models, by vessel size class, area, and
season. Investigaie the predictability of {ishery
success from research vessel surveys.

e. Review MSY.

INTRODUCTION

Long-finned squid (Loligo pealei)! are distrib-
uted in shelf and slope waters extending from
Newfoundland, Canada [Dawe et al. 1990] to the
Gulf of Venezuela {(Summers 1983). Previous
assessments assumed a lifespan of at most three
years (USDOC 1988} based upon analyses of
length frequency data (Verrill 1882; Mesnil 1977;
Lange and Sissenwine 1980), However, infer-
ences about the age and growth of squids based
on length frequency analyses must be regarded
with caution unless they are accompanied by
supplementary age data (Caddy 1991) because (i)
squid growth rates exhibit high variability and
can vary with season, food availability, tempera-
ture, and population density; (ii) squid popula-
tions can be composed of several broods or

microcohorts that have different growth and sur-
vival rates; (iii) if separate microcohorts enter the
sampled population at successive times, modal
analysis of length frequency data sampled from a
mixture of microcohorts will not represent the
true growth rate. Research on the age and growth
of several species of squid based on counts of
daily statolith growth increments (e.g., Lipinski
1978; Spratt 1979; Dawe et al. 1985; Lipinski
1986; Yang et al. 1986; Jacksen 1990; Rodhouse
and Hatfield 1990; Jerebetal. 1991; Jackson and
Choat 1992: Jackson et al. 1993} indicates that
statolith aging is useful technique. Statolith ag-
ing of Loligo pealei indicates that this species has
a lifespan of less than 1 year (Macy 1992; Macy
MS, Figure F1) and that spawning occurs during

" the winter (Figure F2). As a result, the previous

hypothesis that Loligo have a cross-over life cycle
(Mesnil 1977) with spawning peaks in the spring
and fall and protracted spawning during the
summer has been replaced with the working
hypothesis thatLoligoare an annual, semelparous
gpecies that has the capacity to spawn through-
out the year.

At present, collaborative research between
the NEFSC and the University of Rhode Island is
being conducted to examine seasonal and spatial
patterns of growth and to further validate the one
day-one ring hypothesis of statolith increment
formation in Loligo pealei. Loligo are assumed to
congtitute a unit stock throughout their range of
commercial exploitation in the Northwest Atlan-
tic, and the stock unit consists of all Loligo within
1.5, jurisdiction outside the Gulf of Mexico and
the Caribbean Sea (MAFMC 1990).

DESCRIPTION OF THE FISHERY

The domestic fishery for Loligo off the North-
eastern United States began in the late 1800s
with squid being primarily used as bait. From
1928 10 1967, annual squid landings from Maine
to North Carolina (including Ilex illecebrosus
landings) averaged roughly 2,000 mt. A directed
foreign fishery for Loligo developed in 1967 and
exploited Loligo throughout the 1970s and early
1980s (Table F1). Total annual landings aver-
aged 20,400 mt from 1967-1986 with a peak of
37,600 mtin 1973. In 1987, foreign fishing effort
ceased, and annual domestic landings have aver-

! For brevity, Loligo pealet is referred to as Loligo whenever possible
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Figure Fl. Size at age of Loligo pealeibased on counts

of daily statolith increments from Macy
(MS). Figure F2. Hatching dates of Loligo pealei from Macy

(MS]).

Table F1. AnnualLoligo pealeilandings (mmetric tons) aged 17,800 mt during 1987-1992.
from the Northwest Atlantic (Cape Hatteras In 1992, Loligo landings (5,708 fishing trips)
to Gull of Maine) the U.S." and foreign  {gialed 18,172 mt with an exvessel value of
fleets, 1963 to 1993 $23,342,000 and an average price of $1.28 per kg

($0.58 per 1b). Nearly half of the 1992 harvest
Year U-S. Foreign Total {8.112 mt; 45%) was taken from one statistical
1963 1,294 0 1,204 - area [SA 616); six statistical areas (SA 616, 537,
1964 576 2 578 613,622,612, and 526) accounted for 87% of the
1965 709 99 808  totallandings (Table F2). Temporally, 819 of the
1966 772 226 948 1992 landings occurred in winter and autumn
1967 347 1,130 1,167 (Jan-Apr; Oct-Dec).
1968 1,084 2.327 3.411 Nearly all landings {99%) were made with
1969 899 8.643 9.542 bottom otter traw! gear (Table F3). The small-
1976 853 16,732 17,385 . .
1971 707 17.442 18 169 vessel (5 to 50 GRT) fishery - prosecuted in
1972 705 25.009 09734  inshore areas between May-July - accounted for
1973 1.105 36.508 37.613 19 (150 mt) of the 1992 otter trawl landings,
1974 2.274 32.576 34,850 while the large-vessel (51 to 900 GRT) fishery -
1975 1,621 32,180 33,801 occurring primarily in offshore waters during
1976 3,602 21,682 25,284  November-April - accounted for 99% {15,590 mt)
1977 1,088 15,586 16,674  (Table F4; Figure F3). Historically {1982-1992),
1978 1,291 9.355 10,646 the inshore fishery has accounted for as much as
1979 4,252 13,068 17,320 35% of the U.S. catch (e.g., in 1983); since 1985,
1980 3,996 19,750 23,746 .
1981 2.316 20.212 22,528 however, the inshore fishery has accounted for a
1982 5,464 15,805 21.269 VEry much smaller proportion [1‘8%] Of‘tl"le an-
1983 15,943 11,720 27.663 nual landings (Table F4).
1984 11.592 11,031 22 623 Based on provisional January-October 1993
1985 10,155 6,549 16,704 landings data, total Loligo landings in 1993 are
1986 13,2092 4,598 17,890  projected to be about 22,900 mt, 26% higher
1987 11,475 2 11.477  than in 1992 (Table F1).
1988 19.072 3 19.075 Loligo are managed by the Mid-Atlantic Fish-
iggg ?2322 g ?iggi ery Management Council under provisions of the
1991 19.409 0 19: a0y Aflantic Mackerel, Squid, and Butterfish Fish-
1992 18.172 0 18,172 ¢y Management Plan. In 1992, the maximum
19932 99900 0 29,900 Optimum yield was 44,000 mt, the allowable

biological catch was 37,000 mt and the domestic

! Includes joint venture landings made by U.S. vessels allowable harvest was 34,000 mt (MAFMC 1991).
? Predicted




Table F2.  Loligo squid landings (melric tons) in 1992, by area and month

Area Jan Feb Mar Apr May June July Aug Sep Oct ‘Nov Dec Totals
513 - - - - 0.2 0.3 - - - - - - 0.5
514 - - - - 0.3 - 0.0 - 0.1 0.5 1.6 0.1 2.8
521 0.1 - - - 0.2 0.0 - 0.9 0.0 0.2 0.2 0.0 1.8
522 - - ; - 0.0 - 3.8 0.0 . 4.8 - ; 8.6
525 - - - - 1.5 0.3 - - - - L - 1.7
526 - 3.2 265.2 276.0 2.7 1.6 13.1 145.6 0.9 0.1 0.1 0.5 708.9
537 351.4 227.4 353.9 357.9 125.8 54.0 302.2 266.6 77.2 465.6 260.5 294.4  3136.8
538 - - - 1.5 368.2 2.6 8.1 1.0 0.3 2.6 1.1 - 385.5
539 12.2 0.2 - 1.6 57.8 49.7 18.0 15.9 8.5 34.7 89.9 99.5 398.1
611 9.5 9.5 1.6 29.6 44.4 38.6 50.6 39.0 20.2 27.0 3.0 2.7 275.7
612 81.8 3.8 0.7 0.1 80.1 108.5 267.0 123.3 0.6 24.4 7.9 23.3 721.4
613 64.8 4.0 12.4 121.4 74.5 87.4 117.3 202.8 101.8 246.7 522.2 68.1 1623.4
614 0.1 - - 1.3 0.3 6.9 1.2 14.2 0.3 0.0 0.0 - 24.4
615 4.8 2.3 0.0 2.9 - 104.2 10.5 19.6 - - oo 244.8 389.1
616 809.7 2293.8 1458.7 622.0 133.2 117.2 81.9 - 25.8 177.9 966.9 1425.1  8112.2
621 3.2 3.5 0.5 2.1 3.6 27.0 19.7 1.0 0.3 1.4 ‘1.3 3.4 67.0
622 172.5 44.5 552.2 362.9 2.4 0.0 - 0.3 2.7 10.4 721 288.3  1508.3
623 - 24.5 18.1 - - - - - - - - 42.6
625 0.1 - - - 0.0 - 0.0 - - 0.2 0.9 0.7 1.9
626 6.6 11.4 74.9 09.5 0.0 - - 0.5 2.4 475 3;_0.4 16.7 289.8
631 1.3 0.5 4.6 0.0 - - - - - 0.1 0.5 0.3 7.3
632 1.3 2.3 2.8 0.4 - - - - 5.0 216.0 234.5 - 462.2
635 1.6 - - - - - - - - - - 0.3 1.9
Totals 1521.1  2630.7 27457 1879.1 895.2 598.1 893.3 830.9 246.2  1260.1  2203.2  2468.3 18171.9
% 8 14 15 10 5 3 5 5 1 7 F12 14

Avg % :

(1982-92) 6 6 7 6 19 10 7 6 4 9 9 9

o6 abeg
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Tabie F3. Summary of Loligo pealei landings (mi} by fishing gear within the NEMFIS database, 1982 - 1992
Year Bottom Floating Pound Paired Mid-Water Other Total
Otter Trawl Trap Net Otter Trawl
1982 2445 1 75 1 3 2525
1983 8266 23 2 2 439 8732
1984 6649 67 438 0 4 7158
1985 6217 359 281 2 5 6864
1986 10867 77 522 11 35 11512
1987 9688 96 552 1 5] 10343
1988 16811 6549 1007 84 11 18562
1989 22416 450 725 55 5 23651
1990 14354 306 280 9 4 14953
1991 18849 318 161 44 37 19409
1992 17911 44 116 20- 81 18172

For 1993 and 1994, the allowable biological
catch and domestic allowable harvests have been
increased to 44,000 mt (MAFMC 1992).

DATA SOURCES

Commercial landings data for 1992 were de-
rived from the NEMFIS data base and general
canvas sources. Landings data for 1989 to 1991
were reported at the 12th and 14th SAWs (NEFSC
1991, 1992), while landings data for 1963-1988
were given in the Report of the 10th SAW (NEFSC
1990). Effort data used in the analysis of domes-
tic LPUE from 1982 to 1992 were derived from the
NEMFIS data base.

Numbers of Loligo landed by the commercial
fishery during 1982 - 1992 (Table F5) were esti-
mated using NEFSC commercial size frequency
sampling data.

Multiplicative GLLM main effects models
(Gavaris 1980) was used to standardize fishing
effort (days fished) and landings per unit of ef-
fort (LPUE) in both the small-vessel and large-
vessel fisheries for Loligo during 1982 to 1992
(Brodziak MS 1993). In the small-vessel analy-
sis, year and area were used as factors to stan-
dardize fishing effort (R®=.45) (Table F6; Figure
F4). In the large-vessel analysis, fishing effort
was standardized using year, tonnage class, quar-
ter, and area as factors (R?=.24) (Table F7; Figure
F5). In both analyses, standardized LPUE (ratio
of fleet landings to standardized effort) and a
standardized abundance index (ratio of annual
LPUE to LPUE in 1982) were calcuiated.

Research survey indices of relative abun-
dance of Loligo offshore (depth > 27 m) were
derived from NEFSC spring (1967-1993) and
autumn [1967-1992) bottom trawl surveys con-

ducted from Cape Hatteras to Georges Bank [off-
shore strata 1-23, 25, and 61-786] (Grosslein
1969; Azarovitz 1981). In previous Loligo assess-
ments, NEF'SC survey catches were adjusted to a
standard tow duration of 30 minutes. However,
results from a regression analysis of Loligo catch
{kilograms) per tow on tow duration indicated
that tow duration has no significant effect on
Loligocatches (Table I'8). As a result, both spring
and autumn NEFSC bottom trawl survey time
series were recomputed without the tow stan-
dardization option (Tables F9 and F10).

Indices of relative abundance of Loligo in-
shore were computed from Commonwealth of
Massachusetts spring inshore bottom trawl sur-
veys conducted during 1982 to 1993 (Table F11).

ASSESSMENT RESULTS

Relative Abundance

Standardized fishing effort and LPUE for the
small-vessel fishery declined sharply in 1992
(Table F6), while effort and LPUE slightly in-
creased in the large-vessel fishery (Table F7). In
the small-vessel fleet, LPUE and standardized
fishing effort have declined markedly since 1988,
Small-vessel LPUE in 1992 was a record-low,
while small-vessel effort in 1992 was the second-
lowest in the 11-year time series (Table F6; Fig-
ure F4). In the large-vessel fleet, LPUE and
standardized fishing effort have markedly in-
creased since the early 1980s; in 1992, large-
vessel LPUE and fishing effort were the second-
highest on record (Table F7; Figure F5).

Spring and autumn NEFSC survey indices of
Loligo abundance in 1992 were somewhat dis-
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Table F4. Summary of landings (metric tons) by small vessel and large vessel components of the U.S. Loligo
pealei fishing fleet that were used to compuie standardized fishing effort, 1982 to 1992
Year Small Vessel Large Vessel Subtotal’ Total®
1982 275 {13%)3 1820 (87%) 2095 (38%)* 5464
1983 1639 (21%) 6263 (79%) 7902 (50%) 15943
1984 6584 (11%)} 5523 (89%) 6207 [54%) 11592
1985 139 ( 3%} 4949 (97%) 5108 {30%) 10155
1986 603 ( 6%) 9075 (94%) 9678 (73%) 13292
1987 421 { 5%) 7949 (95%) 8370 (73%) 11475
1988 925 ( 7%) 12507 (93%} 13432 (70%) 19072
1989 797 { 5% 64200 (95%) 7 17217 (73%) 23655
1990 455 ( 49%) 11259 (96%]} 11714 (78%) 14954
1991 504 [ 3%) 14933 (97%) 15437 (809%0) 19409
1992 150 ( 196} 15740 (99%) 15890 (87%) 18177

Total landings of small and large vessel irips that were used to standardize fishing effort.
Total landings by U.S. vessels. This total includes joint venture landings made by U.S. vessels.

1
2
? Percentage of small and large vessel landings total.
4

Small and large vessel landings as a percentage of total U.S. Jandings.

20

_!Large-vesse!

| [ | Small-vessel inshore

vy
4]

Thousands of metric tons .
o

ol | . .
82 83 84 85 86 87 88 89 90 91 92

Figure F3. Annual landings in the small-vessel
inshore and large-vessel fisheries for Loligo
pealel,

parate {Tables F9 and F10). The 1992 spring
number-per-tow index was slightly above aver-
age, but 50% less than the high 1991 index.
Similarly, the spring 1992 weight-per-tow index
was equal to the average, but 40% lower than the
1991 value. Based on these results, Loligo abun-
dance during the 1992 spring/summer inshore
fishery was expected to be average - and well
below that tn 1991.

In contrast, the NEFSC autumn 1992 num-
ber-per-tow index was the largest in the survey
time series (about 2.5 times higher than the long-
term average} due to a record-high level of
prerecruits (Table F10). However, the autumn
1992 weight-per-tow index was 35% below the
mean and less than half of the 1991 index. The
record-high prerecruit index (Table F10) sug-
gested that a large cohort would be recruiting to
the offshore fishery during Winter of 1993. This
cohort was also expected to generate elevated
catch-per-tow indices in the 1993 NEFSC spring
survey, if landings during the winter fishery were
not substantial.

However, Loligo catch-per-tow indices in the
spring 1993 survey were sharply lower than in
1992 and well below the long-term means (Table
F9). These results suggested that Loligo abun-
dance during the 1993 spring/summer inshore
fishery would be no higher - and perhaps much
lower - than in 1992.

The 1992 and 1993 Massachusetts inshore
spring survey catch-per-tow indices were the
lowest ever recorded {Table F11). Although the
1993 indices were higher than in 1992, these still
suggested that inshore abundance of Loligo in



Table F5.  Total numbers and mean weights of Loiigo
pealei landed in the Northwest Atlantic
from 1982 to 1992
Year Total Number Mean Weight
{thousands) {g)
1982 162,231 131
1983 216,122 128
1984 183,213 123
1985 151,739 110
1986 139,173 129
1987 106,720 108
1988 194,430 98
1989 195,167 118
1990 113,828 138
1991 144,180 134
1992 137,508 128
Average
1982-91 160,680 122

southern New England during 1993 would be
well below average.

Absolute Abundance

Minimum estimates of absolute biomass and
numbers (total and pre-recruits) of Loligo on the
Northeast U.S. continental shelf from Cape
Hatteras to the Guif of Maine were calculated by
areal expansion of NEFSC autumn bottom trawl
indices obtained during 1982 to 1992 (Table
F12). These estimates (Table F13) were based
upon areal expansion of Loligo catches in off-
shore survey strata 1-30, 33-40, and 61-76 (Cape
Hatteras to Gulf of Maine) and inshore survey
strata 1-55 {Cape Hatteras to Cape Cod). These
estimates require three assumptions: (i)
catchability of Loligo is constant in space and
time; (ii) catchability is equal for all sizes of Loligo;
(ili) all Loligo within the area swept by the survey
gear are captured. Thus, these estimates are
likely to be biased low because these assump-
tions are unlikely to hold.

Loligo have a tendency to disperse vertically
upward in the water column at night (Summers
1968, 1969). This behavior reduces availability
to bottom trawl gear and will cause the area-
swept estimates of population size derived from
the NEFSC research vessel surveys to be under-
estimates - since survey tows are made round-
the-clock during both day and night. Analysis of
autumn 1967-1991 survey catches of Loligo taken
in tows during day, dawn-dusk, and at night
suggest that diurmally-adjusted, area-swept es-
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Table F6. Standardized fishing effort and
standardized landings-per-unit of effort
(LPUE]} for the U.S. small-vessel, inshore
otter trawl fishery for long-finned squid
{Lotigo pealei), 1982-1992, The U.S. small-
vessel, inshore fishery is defined as trips
by tonnage class 2 vessels landing Loligo
during May, June, and July from
Statistical Areas 537, 538, 539,611,612,
613, or 821.
Year Domestic Standardized Standardized
LPUE Fishing Effort Abundance
{mt/ (days fished) Index?
day fished)
1982 3.02 91.2 1.00
1983 7.81 210.0 2.59
1984 5.47 125.0 1.81
1985 2.08 76.4 0.69
1986 5.34 112.9 1.77
1987 3.02 139.3 1.00
1988 4.71 196.3 1.56
1989 4.32 184.4 1.43
1990 3.03 150.1- 1.00
18991 3.31 152.4 1.10
1992 1.75 85.6 0.58
Average
1982-91 4,21 143.8

! For trips used in the general linear model. the ratio of total
landings (mt) to standardized fishing effort.
? Ratio of annual LPUE to LPUE in 1982.

1C 250
200
150

100

LPUE (MT/DAYS FISHED)

50

STANDARDIZED EFFORT (DAYS FISHED)

0] 0
82 B3 84 85 86 87 88 89 20 91 82

YEAR

Figure F4. Annual LPUE and effort in the small-vessel
inshore fishery for Loligo pealei
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Table F7.

Long-tinned squid {Loligo pealel) domestic

landings (metric tons} per days fished
{LPUE) and days fished for the large vessel

{tonnage classes 3 and 4) fishery (statistical
areas 526, 537, 538, 539, 612. 613, 615,
616,621, 622, 626, and 632) during 1982

to 1992
Year Domestic Standardized Standardized
LPUE! Effort Abundance
(mt/ (days fished) Index?
days fished)
1982 3.88 469.3 1.00
1983 7.27 861.0 1.87
1984 5.70 968.7 1.47
1985 4.00 1235.8 1.03
1986 3.79 2397.5 .98
1987 4.55 1748.1 1.17
1988 6.81 1837.7 1.76
1989 8.34 1969.7 2.15
1990 6.33 1777.5 1.63
1991 7.09 2107.6 1.83
1992 7.21 2183.6 1.86
Average
1982-91 5.78 1537.3

! Ratio of total landings (mt) to standardized effort for trips

used in the general linear model,
? Ratio of annual LPUE and LPUE in 1982.

Tahle F8,

LPUE (MT/DAYS FISHED)

o 1
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fishery for Loligo pealei.

(DUR) during the NEFSC Fall survey, 1967-1991

STANDARDIZED EFFORT (DAYS FISHE D)

Figure F5. Annual LPUE and effort in the large-vessel

Estimated linear relationship between weight per tow of Loligo pealei (CATCHWT) and tow duration

Model: CATCHWT = DUR

Dependent Variable: CATCHWT

Analysis of Variance

Source DF Sum Mean Square F Value Prob>F
of Squares
Model 1 175.648 175.648 0.442 0.5062
Error 3486 1385400.431 397.418
C Total 3487 1385576.079
Roct MSE  19.935 R-square 0.0001
Dep Mean 9.131 Adj R-sq -0.0002
C.V. 218.323
Parameter Estimates
Variable DF Parameter Standard T for HO: Prob > ITI
Estimate Error Parameter=0
INTERCEP 1 0.917 12.359 0.074 0.9408
DUR 1 0.274 0.413 0.665 0.5062
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Table FS.  Stratilied mean catch per tow in numbers and weight (kiolgrams) of Loligo pealei in NEFSC spring
bottom trawl surveys, Cape Hatteras to Georges Bank (Strata 1-23, 25, and 61-76}, 1967 - 1992,
Mean number per tow indices are presented for all sizes of Loligo, for pre-recruits (< 8 cm), and for

recruits {> 8 cm).

Year All CVv! Prerecruit Recruit Kg/Tow Mean Weight
per Squid
(&
1968 26.9 (25%) 5.7 21.1 1.4 53
1969 14.8 (21%) 2.0 12.8 1.2 82
1970 26.6 (22%) 17.7 8.9 9 34
1971 35.0 (24%) 20.3 14.7 1.6 46
1972 65.2 (21%) 37.0 28.2 3.2 49
1973 42.4 (27%) 19.2 23.2 2.9 67
1974 231.2 (30%0) 196.0 35.3 4.1 18
1975 166.6 (31%) 126.0 40.6 4.2 25
1976 200.1 (17%) 153.6 46.5 5.2 26
1977 18.8 (30%) 10.0 8.8 .8 42
1978 49.1 (34%) 36.0 13.2 1.5 30
1979 113.8 (34%) - 93.5 18.4 2.3 20
1980 54.6 (34%) 39.6 15.0 1.9 35
1981 48.1 (27%) 28.1 20.0 1.9 40
1982 70.6 (27%) 50.0 22.6 2.1 30
1983 46.9 (24%) 17.5 29.4 2.1 44
1984 78.1 (31%) 54.0 24.1 2.6 33
1985 83.4 (21%) 61.5 22.0 2.4 28
1986 99.6 (249%0) 70.8 28.8 2.9 30
1987 31.0 (16%0) 12.7 18.3 2.1 67
1988 130.1 (2820) 94.7 35.4 3.6 28
1989 153.0 (30%) 92.4 60.6 5.2 34
1990 136.2 (23%} 102.6 33.6 3.7 27
1991 181.2 {24%} 131.7 49.4 4.5 25
1992 90.4 (30%) 69.9 20.5 2.7 30
1993 46.5 {28%) 26.3 20.2 1.8 40
1968-¢1
Average 87.7 (26%) 61.7 26.1 2.7 38

I Coeflicient of variation for the all sizes index.

timates may be 50-85% higher than the non-
adjusted estimates provided in Table F13. How-
ever, more work is needed to thoroughly evaluate
day-night differences, including possible size-
related differences in diumal catchability be-
tween prerecruif and recruif animals. More work
is needed to evalute the effects of this behavior
upoen relative abundance indices.

Provisional estimates of annual surplus pro-
duction of Loligo during 1982-1992 indicate simi-
lar trends in biomass as those from the area-
swept method. Estimates of virgin biomass and
MSY from the surplus production model were
relatively sensitive to the assumed values of
catchability (q) and stock resilience (A). Further
work in examining the assumptions and applica-
tion of the model for Loligo is warranted.

OVERFISHING DEFINITION

Overfishing for Loligo is defined to occur
when the three-year moving average of prerecruits
from the NEFSC autumn bottom trawl survey is
below the first quartile of this series. For the
purpose of applying the overfishing definition in
1992, 1993, and 1994, the lowest quartile of
values consists of the seven lowest prerecruit
indices (Table F10); the three-year moving aver-
age of the prerecruit series must be less than the
largest index in this quartile for overtishing to
occur (Table F14). Given the record-high 1992
autumn prerecruit index (755.8), the three-year
moving prerecruit average in 1992 was 412.4. If
the 1993 and 1994 prerecruit indices are both O,
the corresponding three-year moving averages
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Table F10. Stratified mean catch per tow in numbers and weight {(kiolgrams) of Loligo pealei in NEFSC autumn
bottom trawl surveys, Cape Hatteras to Georges Bank {Strata 1-23, 25, and 61-76), 1967 - 1992,
Mean number per tow indices are presented for all sizes of Loligo, for prerecruits { < 8 cim), and for

recruits > 8 cm),

Year All Sizes Prerecruits Recruit Kg/Tow Mean Weight (g)
(cvy Per Squid
1967 143.1 (22%) 123.4 19.6 4.1 29
1968 187.7 (13%) 118.8 68.9 7.6 41
1969 252.3 {15%) 160.1 02.2 10.2 40
1970 90.9 (14%) B jo 36.9 o B
1971 173.6 (15%) 141.7 31.9 3.2 18
1972 288.6 {18%) 220.1 68.4 6.9 24
1973 395.6 (15%) 275.4 120.2 11.4 29
1974 267.7 (18%) 186.4 81.2 8.7 32
1975 653.3 (20%) 543.0 110.3 11.4 17
1976 436.7 (14%) 3214 115.3 12.0 28
1977 413.1 (13%) 316.6 96.6 8.5 21
1978 153.3 (16%) 99.2 54.2 4.5 29
1979 205.9 {15%) 166.4 39.5 4.0 19
1980 387.2 {16%) 297.5 89.7 8.3 ' 22
1981 241.3 (15%) 171.5 69.8 6.1 25
1982 270.9 (22%) 216.4 54.5 5.8 21
1983 384.7 (15%) 261.8 122.9 11.6 30
1984 316.4 (17%) 160.4 155.9 12.8 41
1985 460.2 (15%) 322.2 138.0 13.1 28
1986 459.,6 (16%) 364.6 95.0 8.9 19
1987 59.8 (14946) 33.9 25.9 2.2 37
1988 405.3 {16%) 316.0 £89.3 7.7 19
1989 450.6 {15%) 291.3 159.3 11.9 26
1990 385.8 (14%0) 286.6 99.2 9.2 24
1991 321.0 (11%) 194.7 126.3 11.0 34
1992 788.9 (30%) 755.8 33.1 5.3 7
19932 190.8 - 124.3 66.5 5.1 27
1967-1992

Average 312.2 {16%) 225.7 86.4 8.2 28

' Coefficient of variation for the all sizes index.
2 Provisional survey indices.

would be 316.8 and 251.9, respectively. The
largest prerecruit index in the lower quartile of
values during 1992, 1993, and 1994 would cor-
respond to 160.1, 141.7, and 123.4. Thus, ac-
cording to the overfishing definition, Loligo were
not overfished in 1992, and will not be overfished
in 1993 and 1994. The provisicnal 1993 prerecruit
index of 124.3 indicates that the minimum three-
year moving average in 1995 would be 41.4,
provided that 1994 and 1995 pre-recruit indices
were 0. If this were the case, the largest index in
the lowest quartile would be 123.4. Therefore it is

possible that Loligo could be overfished in 1995
given the low provisional index in 1993.

YIELD AND SPAWNING STOCK
BIOMASS PER RECRUIT

Avyield per recruit analysis was performed for
Loligo using recently developed information on
the age and growth of Loligo using daily statolith
growth increments (Macy 1992; Macy MS). These
findings indicate that Loligo is an annual species



Table F11. Stratified mean catch per tow in numbers
and weight (kg) of Lolige pealei in
Comumonwealth of Massachusetts spring
inshore bottom trawl surveys, south of
Provincetown, Massachusetts, 1982 -
1993. The mean weight (grams) per squid
caught is also given.

Year Number Kilograms Mean Weight
Per Tow Per Tow Per Squid
(cw cwv) (8

1982 15.5 (30%) 1.3 (46%) 81
1983 85.8 {23%) 6.7 (37%) 78
1984 61.9 (19%} 4.3 {26%) 70
1985 113.3 (26%) 7.0 (23%) 62
1986 48.9 (14%} 6.2 (17%) 126
1987 59,8 {20%) 5.9 (22%) a8
1988  255.5 (23%) 15.9 {24%) 62
1989 64.9 (19%) 5.5 (21%) 85
1990 136.3 (15%) 8.9 (15%) 65
1991 43.2 (24%) 4,3 (26%)} 99
1992 10.8 (2790) 1.2 {33%) 109
19093 22.5 (19%) 3.4 (20%) 149
1982-92

Average 81.4 (22%) 6.1 (26%) 85

that grows rapidly - and is not as long-lived as
previously thought {(Verrill 1882; Mesnil 1977,
Lange and Sissenwine 1980).

Input data for a Thompson-Bell yield per
recruit analysis (Ricker 1973), using a monthly
time step, were derived from a sample of 87 Loligo
collected during spring and winter of 1991. Ani-
mals ranged in size from 2 cm to 44 cm in dorsal-
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mantle length, and from 3.6 to 9.7 months in age
Macy, pers. comm.). Instantaneous natural
mortality for Loligo was estimated to be M = 4.1
(Hoenig 1983), and knife-edged recruitment was
assumed to occur at an age of 3 months (9 cm
dorsal-mantle length).

For the spawning stock biomass per recruit
analysis (Gabriel et al. 1989), sexual maturity
was assumed to be knife-edged and to occur at an
age of 7 months (approximately 20 cm dorsal-
mantle length), based on the observations of
Mesnil (1977, Figure 2, 20-month cycle} on
Georges Bank and the observations of Macy
(1980) within Rhode Island waters during April to
June. Recruits were assumed to be fully suscep-
tible to natural and fishing mortality prior to
spawning,

Results of the monthly yield and spawning
stock biomass per recruit calculations {Table
F.15; Figure F6) indicate that in units of month-
Y F,, =016 and F = 0.26 (in units of year!,
F,,=1.92 and F__ =3.12). These estimates of
monthly fishing mortality reference points
are 47% and 76%, respectively, of monthly natu-
ral mortality (M_ = 0.34), and suggest that fishing
mortality should be kept below natural mortality
for this stock.

Estimates of the total potential yield from a
Fall-spavmed Loligo cohort were calculated based
upon the average cohort size during 1982 to
1992. Although a definitive estimate (in absolute
numbers) of the size of an average cohort is not
available, a provisional diurnally-adjusted value
of 2.20 billion recruits was calculated using

Table F12. Stratified mean catch per tow in numbers and weight (kg) of Loligo pealet in NEFSC autumn bottom
trawl surveys, Cape Hatteras to the Gulf of Maine (offshore strata 1-30, 33-40 and 61-76; inshore
strata 1-55), 1982 - 1992, Mean number per tow indices are presented for all sizes of Loligo, for
prerecruits (¢ 8 em), and for recruits (> 8 cm).

Year All Sizes CV? Prerecruit Recruit Mean Weight Kg/Tow (CVY)
Per Squid (g)

1982 185.5 (19%) 152.3 33.2 20 3.8 (15%0)
1983 270.1  (13%) 193.4 76.7 27 7.3 (1496}
1984 - 191.3  (16%) 100.4 90.9 39 7.5 {15%)
1985 280.7  (14%) 197.2 83.5 28 7.9 {13%)
1986 287.1 (15%) 230.4 56.7 19 5.3 (13%)
1987 41.9 (12%) 25.0 16.9 34 1.4 {14%)
1988 333.0 (11%} 276.0 57.0 ' 16 5.2 {11%)
1989 281.6 (14%) 187.2 97.4 - 25 7.1 (1796)
1990 239.7 (13%) 178.7 61.0 24 5.7 (10%)
1991 226.1 ( 9%) 146.8 79.3 31 6.9 (12%%)
1992 '504.0  (27%) 479.7 24.3 7 3.4 (16%%0)

Average

1982-91 233.7 (14%) 168.7 65.2 26 5.8 (14%0)

! Coefficient of variation for the all sizes index




Page 104

Table F13. Area-swept estimates of Loligo pealei
population size in the Cape Hatteras to
Gulf of Maine region, 1982 - 1592,
Estimates were derived by areal expansion
of autumn NEFSC survey catch per tow
indices and are expressed as total biomass
(metric tons}, total numbers (billions) and
numbers of prerecruits (billions).

Year Total Total Number of

Biomass Numbers Prerecruits
1982 25,800 1.32 1.08
1983 51,000 1.89 1.35
1984 53,500 1.36 0.71
1985 56,700 2.02 1.42
1986 38,000 2.05 1.65
1987 10,000 0.29 0.17
1988 36,000 2.32 1.92
1989 49,800 1.97 1.31
1990 39,800 1.68 1.25
1991 48,600 1.59 1.03
1992 23,900 3.53 3.36
Average

40,900 1.65 1.19

1982-91

NEFSC autumn survey data. AtF__, the poten-
tial yield (MSY) from such a cohort would be
35,900 mt (Table F16). Based on the 95% confi-
dence interval assoclated with the mean cohort
size of 2.2 billion squid (1.38 billion, lower 95%
timit; 3.02 billien, upper 95% limit}, the potential
yield from an average cohort ranges from 22,500
to 49,200 mt (Table F16).

Sensitivity analyses evaluating the impact on
MSY of misestimation of M (from the assumed
value of M = 0.34) indicate that a 20% increase
in M_ would lower MSY by 30%, while a 20%
reduction in M_ would increase MSY by 56%
(Table F16).

STOCK AND RECRUITMENT

Cross-correlations were computed between
NEFSC spring and autumn survey indices
(prerecruit and recruit number-per-tow indices)
to examine possible lagged associations (Table
F17). The pre-recruit and recruit series were
used as approximate measures of juvenile and
adult abundance. Significant positive cross-
correlations were found between: (1) the spring
and autumn recruit indices with no lag; (2) the
spring recruit indices lagged by one year and the
autumn prerecruit indices; {3) the spring recruit
and spring prerecruit indices with no lag; and (4)

Table F14. Three-year moving average of the Loligo
pealei prerecruit number per tow index
from the NEFSC f{all bottom trawl survey,
1969-92. a. ordered by year: b ordered by
index value. * = upper bound of lower
quartile for 1993-1995.

a.Year Average’ b. Year
Prerecruit

Number per Tow

Average'
Prerecruit
Number per Tow

1969 134.1 1970 111.0
1970 11150 1971 1i8.6
1971 118.6 1969 134.1
1972 138.6 1972 138.6
1973 212.4 1980 187.7
1974 227.3 1979 194.0
1975 334.9 1981 211.8 *
1976 350.3 1973 212.4
1977 393.7 1984 212.9
1978 245.7 1989 213.7
1979 194.0 1983 216.6
1980 187.7 1974 227.3
1981 211.8 1982 228.5
1982 228.5 1988 238.2
1983 216.6 1987 240.2
1984 212.9 1978 245.7
1985 248.1 19856 248.1
1986 282.4 1991 257.5
1987 240.2 1986 282.4
1988 238.2 1990 298.0
1989 213.7 1975 334.9
1990 298.0 1976 350.3
1991 257.5 1993 358.3
1992 412.4 1977 303.7
1993% 358.3 1992 412.4

! Average of pre-recruitindexin years T, T-1, and T-2, where T
is the current year.
? Provisional.

the spring pre-recruit indices lagged by one year
and the autumn prerecruit indices. Overall, the
cross-correlation analyses suggest that the spring
and autumn indices contain useful information
about linkages between spawning stock and ju-
venile abundance in Loligo. The biological basis
for these relationships, however, needs to be
explored.

PREDICTION OF FISHERY
SUCCESS

Potential associations between research sur-
vey indices and fishery success were examined
by correlation analysis of NEFSC spring and
autumn pre-recruit and recruit indices and Mas-
sachusetts spring survey indices with small-



Table F15,

Yield and spawning stock biomass per recruit analyses for Loligo pealei

Page 105

Proportion of F before spawning: 1.0000
Proportion of M before spawning: 1.0000
Natural mortality is constant at: 0.3400
Initial age is: 1 month; Last age is: 10 months
Last age is a PLUS group
Input data from file named: loligo.dat

Age-specific (in months) Input data for Yield per Recruit Analysis

Age Fish Mort  Nat Mort Proportion  Average Weights
Pattern Pattern Mature Stock Catch
1 0.0000 1.0006 0.0000 0.0110 0.0110
2 0.0000 1.0000 0.0000 0.0170 0.0170
3 1.0000 1.6000 0.0000 0.0280 0.0280
4 1.0000 1.0000 0.0000 0.0450 0.0450
5 1.0000 1.0000 0.6000 0.0720 0.0720
6 1.0000 1.0000 0.0000 0.1160 0.1180
7 1.0000 1.0000 1.0000 0.1860 0.1860
8 1.0000 1.0000 1.0000 0.3000 0.3000
9 1.0000 1.0000 1.0000 0.4820 0.4820
10+ 1.0000 1.0000 1.0000 0.7750 0.7750
Summary of Yield per Recruit Analysis for: Loligo pealei
The slope of the yield per recruit curve at F=0: 0.237245
F level at slope=1/10 of the above slope (FO.1): 0.158424
Yield /Recruit corresponding to F0.1: 0.015332
F level to produce Maximum Yield/Recruit (Fmax): 0.259548
Yield /Recruit corresponding to Fmax: 0.016274
Listing of Yield per Recruit Results for: Loligo pealei
FMORT TOTCTHN TOTCTHW TOTSTEN TOTSTEKW SPNSTKN  SPNSTKW %MSP
0.000 0.00000 0.00000 3.4695 0.3030 0.3211 0.1493 100.00
0.050 0.06495 0.00865 3.2805 0.2319 0.2232 0.0977 65.41
0.100 0.11514 0.01301 3.13560 0.1840 0.1577 0.0652 43.64
0.150 0.15509 0.01512 3.0196 0.1506 0.1129 0.0442 29.59
0.200 0.18764 0.01601 2.9259 0.1267 0.0816 0.0304 20.34
0.250 0.21467 0.01627 2.8485 0.1092 0.0595 0.0211 14.15
0.300 0.23748 0.01620 2.7835 0.0962 0.0437 0.0148 9.94
0.350 0.25698 0.01597 2.7282 0.0863 0.0323 0.0105 7.04
0.400 0.27385 0.01569 2.6807 0.0786 0.0240 0.0075 5.03
0.450 0.28858 0.01538 2.6394 0.0725 0.0179 0.0054 3.62
0.500 0.30156 0.01509 2.6032 0.0677 0.0134 0.0039 2.62
0.550 0.31308 0.01483 2.5714 0.0638 0.0100 0.0028 1.91
0.600 0.32337 0.01459 2.5431 0.0606 0.0076 0.0021 1.40
0.650 0.33263 0.01437 2.5179 0.0579 0.0057 0.0015 1.03
0.700 0.34099 0.01419 2.4953 0.0557 0.0043 0.0011 0.76
0.750 0.34859 0.01402 2.4750 0.0538 0.0033 0.0008 0.56
0.800 0.35552 0.01388 2.4566 0.0522 0.0025 0.0006 0.42
0.850 0.36187 0.01376 2.4399 0.0508 0.0019 0.0005 0.31
0.900 0.36771 0.01365 2.4247 0.0496 0.0014 0.0003 0.23
0.950 0.37309 0.01356 2.4108 0.0485 0.0011 0.0003 0.18
1.000 0.37807 0.01348 2.3981 0.0476 0.0008 0.0002 0.13
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Table F16. Cross-correlations between standardized

oz " indices of Loligo pealei abundance from
, the NEFSC bottom trawl surveys, 1967-
' o1z 1992. Spring (SR} and Fal! (FR) recruit
~ . ¥R indices are approximate measures of
aors - RN relative adult abundance, while Spring
' e 0.1 (SP} and Fall (FP) prerecruit indices are
% ' /ﬁ T e approximate measures of relative juveniie
z v 1 2 abundance. Anindex {I) lagged by k years
B / _ o089 is denoted by I(-k].
@ 0.0147 h <
I / ' :; i Indices Cross-correlation
a So.06 & : :
m ' @ [FR{-1), SR} 0.11
> [ : @ (FR, SR 0.59
ooos4l P00 {FR(1), SR} 0.35
SSB/R | 002 [FR(-1), SP) 0.28
' L {FR, SPj 0.28
. L {FR(1), 5P} 0.25
O — —0
G 1 2 3 4 5 6 7 8 9 10 {FR(-1), FP} 0.26
MONTHLY F {FR, FP} 0.23
{FR(1), FP} 0.19
Figure F6. Relationship between monthly fishing {SR(-1), FP} 0.55!
mortality (F), yield per recruit {Y/R) and {SR, FP} 0.28
spawning stock biomass per recruit (35B/ {SR(1), FP} 0.25
R) for Loligo pealei.
{SRI[-1}, SPF} 0.31
SR, SP} 0.71!
[SR(1), SP} 0.36
{SP(-1), FP) 0.66!
8P, FP} 0.32
{SP(1), FP} 0.19

' Significantly different from O for ¢ = 0.05.

Effect of changes in monthly instantaneous natural mortality rate {M_) on maximum yield per recruit
(YPR) and maximum sustainable yield (MSY) for Loligo pealei. Confidence limits (CL) on MSY are also
provided and are based on the 95% confidence limits associated with the estimate of average

Table F17.

recruitment.
% Change % Change MSY MSY MSY
in M in YPR Lower 95% CL Point Estimate Upper 95% CL

{mt) (mt) (mt)
25% -36% 14,500 23,100 31,700
20% -30% 15,800 25,100 34.500
15% -24% 17,100 27,200 37.400
10% -17% 18,600 29,700 40,800
5% -9% 20,400 32,500 44,700
0% 0% 22,500 35,900 49,200
-5% 11% - 24,900 39,700 54,500
-10% 23% 27,700 44,200 60,700
-15% 38% 31,000 49,500 67,900
-20% 55% 34,800 55.600 76,400
-25% 75% 39,400 62,900 86,300




vessel and large-vessel LPUE values during 1982
to 1992, No significant correlations were found
between any of the research survey indices and
small-vessel LPUE. In contrast, large-vessel LPUE
was significantly positively correlated with spring
prerecruit and recruit indices.

A number of potential predictors of fishery
success were explored using linear regression,
and some were provisionally found to be statisti-
cally significant. These analyses should con-
tinue and give proper consideration for lag effecis
between the timing of the surveys and the sea-
sonality of the fisheries.

DISCUSSION

In 1992, several indices of relative abun-
dance (small-vessel LPUE, and NEFSC and Com-
monwealth of Massachusetts spring survey indi-
ces} indicated that Loligo abundance was below
average (Tables F6, F9, and F11}. The LPUE in
the small-vessel, inshore fishery in 1992 was a
record-low (Table F6), and effort markedly dropped
- presumably in response to poor landings suc-
cess. In contrast, LPUE in the large-vessel fish-
ery remained highiin 1992, and large-vessel effort
increased to near-record levels {Table F7).

The autumn 1992 pre-recruit index was the
largest on record {Table F10) and suggests that a
large cohort would be available to the offshore
fishery in Winter 1993. Provisional Loligo land-
ings during the first four months of 1993 were
13,300 mt, 67% above the corresponding period
in 1992, and projected total landings in 1993 are
expected to be 25,400 mt, a record-high domestic
catch. The high landings during the first quarter
of 1993, combined with the record-high autumn
1992 pre-recruit index, are indicative of the rapid
growth and recruitment of Loligo to the offshore
fishery. However, the 1993 NEFSC spring survey
indices did not reflect a high abundance of Loligo;
in fact, the spring 1993 indices were among the
lowest in the past decade. While the low spring
indices might be due to the impact of the large
Winter 1993 fishery, other factors affecting the
relationship between autumn and spring survey
abundance indices must be explored further
(particularly since the correlation between au-
tumn prerecruit indices and the subsequent
spring recruit indices was not found to be signifi-
cant). _

New yield per recruit calculations based on
an annual life cycle for Loligo indicate that, for an
estimated Fall cohort of average size (2.2 billion
animals), a maximum yield of 36,000 mt in yield
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could be realized. However, there are many
uncertainties with the input parameters used in
the yield per recruit and spawning stock biomass
analyses - and these need to be resolved as
quickly as possible as the current MSY level of
44,000 mt (based on a Z-year life span) now
appears to be too high. The YPR and $5B/R
analyses do not account for discard mortality,
density-dependent mortality due to cannibal-
ism, seasonal fluctuations in growth, or potential
fluctuations in natural mortality due to variabil-
ity in predation pressure or environmental fac-
tors. As such, the 36,000 mt should not be
viewed as an annual harvest target - hut more of
an initial, rough upper bound on the sustainable
yield from a cohort. Inyears of lowLoligo biomass,
however, this level of landings would likely result
in severe reductions in SSB. :

During 1973-1976 when fishing for Loligo
was unrestricted, total annual landings averaged
about 33,000 mt (with a peak catch of 38,000 mt
in 1973). During this period, both spring and
autumn NEFSC survey indices were among the
highest on record. However, since 1976, annual
landings have been much lower - suggesting that
yvields above 30.000 mt may only be attainable
during vears of very high abundance.

Given that Loligo is now considered to be an
annual semelparous species, the potential for
recruitment overfishing may be substantial since
only a single cohort exist at any one time and
animals recruit to the fishery and the spawning
stock within the same vear. Failure to ensure an
adequate annual level of spawning escapement
can jeopardize both the stock and the fishery.

There are clear advantages to operating a real
time management procedure for stocks of species
that have a short {annual) life cycle. Such sys-
tems have been successfully implemented in a
number of fisheries around the world (see ICES
1993). However, itis important that managers he
aware that both the scientific and administrative
requirements for real time management may be
substantially different from those used for re-
sources which are managed under more tradi-
tional systems.

The components of a real time management
system are;

1) An assessment of data from previous years to
determine the management target for the
coming year. This target should be in terms
of fishing mortality rate and fishing effort. If
prerecruit surveys are available then the tar-
get fishing mortality rate and the projected
biomass can be used to make an initial esti-
mate of the coming seasons catch.
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2) A monitoring program that obtains fishery
information, e.g, catches and effort, on a fine
time and spatial scale.

3) An interim assessment(s) procedure wusing
the fishery information to date and additional
survey data as it becomes available, The
interim assessments are used to monitor the
progress of the resource through the season
and to adjust the regulations to account for
new information on the incoming stock. For

©examiple; if ar ititerim assessment indicated
that recruitment had been particularly poor
in a given year, the fishery may be closed early
to protect spawners. Alternatively, if a very
large year class was available, additional catch
or a longer season might lift unnecessary
constraints on the industry.

4) An agreed procedure for expanding or reduc-
ing the amount of catch or effort allowed in a
given season. The rules for expanding or

. contracting the fishery should be agreed be-

- forehand, so that arguments over particular
actions are minimized at the time when that
action is needed. The procedure should only
be changed between seasons, not during the
seasor.

These elements will require a substantial amount
of development by managers and scientists. A
Plan Development Team could serve as a useful
vehicle for the development of such a real time
system for squid and other short-lived stocks.

SOURCES OF UNCERTAINTY

Estimation of absolute biomass from area-
swept and diurnally-adjusted area-swept meth-
ods are likely to be sensitive to the assumption
that catchability of prerecruit and recruits is
100% during daylight hours, and to any differ-
ences in verfical migration patterns between
prerecruits and recruits.

The provisional recalculation of MSY based
on maximum Yyield per recruit and average re-
cruitment does not account for discard mortality,
density-dependent mortality due to cannibal-
ism, seascnal fluctuations in growth, or potential
fluctuations in natural mortality due to variabil-
ity in predation pressure or environmental fac-
tors.

Discarding of Loligo may he an important
source of fishing-induced mortality. However,
data currently available from the NEFSC sea

sampling program are inadequate to evaluate
this. No sea sampling trips have been conducted
on freezer-trawler vessels fishing for Loligo.

Many of the analyses which are predicated on
a life span for Loligo of one year must be consid-
ered provisional as age and growth studies are
still in progress.

RESEARCH RECOMMENDATIONS

e Collaborative research between the NEFSC
and the University of Rhode Island that is
being conducted to examine seasonal and
spatial patterns of growth and to further
validate the one day-one ring hypothesis of
statolith increment formation in Loligo pealet
should be continued and completed as soon
as possible. This information is critical to the
assessment and to planned revisions to the
FMP.

e Ifloligois an annual species, new approaches
to the assessment and management of the
stock will be required. A more adaptive, real-
time assessment/management system will .
be needed to attain full exploitation of the
stock while, at the same time, ensuring that
adequatelevels of spawning stock are achieved
(Rosenberg et al. 1990). Examples of the
types of assessment and management proce-
dures that have proved successful for short-
lived species are provided in the 1993 report
of the ICES Working Group on Methods of
Fish Stock Assessment (ICES 1993).

® Once the 1993 landings data become avail-
able, the relationship between the record-
high autumn 1992 survey prerecruit index
and large-vessel LPUE should be examined.

@ Collection of Loligo maturity data during

NEFSC bottom trawl surveys should be initi-
ated in order to determine seasonal matura-
tion rates, and to quantify the spatial/tempo-
ral patterns in spawning activity.

® Surplus production models to estimate Loligo
population size and fishing mortality should
incorporate the new information about Loligo
age and growth.

e Thus, alternative definitions of overfishing
for Loligo, possibly based on a minimum
biomass threshold or a minimum propor-
tional escapement level, should be investi-



gated. Future assessment research should
investigate stock-recruitment relationships
-for Loligo. The calculation of risk-averse
levels of spawning escapement should also
be possible when more quantitative informa-
tion on the age and growth, maturation, and
timing of spawning for Loligo becomes avail-
able.

o Evaluate possible shiftsin availability of Loligo
between offshore and inshore areas, and po-
tential influences of temperature on distribu-
tion patierns.

e Examine the influence of cannibalism on
estimates of natural mortality, potential vield
and spawner-recruit relations,

® Standardize survey indices for size-specific
variation in catchability.

& Significant improvements in the Loligo as-
sessment require the present studies on age
and growth to be completed. The SARC does
not anticipate that such information will be
available before spring 1995.
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G. SHORT-FINNED sSQUID

TERMS OF REFERENCE

a. Compute revised research vessel survey indi-
ces from spring and autumn surveys, Esti-
mate minimum stock sizes from area-swept
calculations. Evaluate the stock with respect
to survey-based management reference points.

b. Estimate catch in numbers by cohort.

c. Examine times-series CPUE data based on
GLM formulations.

d. Provideupdated projections of yield and stock
size based on current fishery patterns. Evalu-
ate the stock rejative to management refer-
ence points.

e. Review MSY.

INTRODUCTION

The short-finned squid (lllex illecebrosus)’
population is assumed to constitute a unit stock
throughout its range of commercial exploitation
from Cape Hatteras to Newfoundland. Ilex are
capable of long-distance migrations {Dawe et al.
1981), and major Hlex spawning grounds have
been identified south of Cape Hatteras (Rowell
and Trites 1985}, although spawning may occur
in other areas as well.

Previous assessments assumed a two-year

cross-over lifecycle based upon analyses of length
frequency data (Verrill 1882; Mesnil 1977: Lange
and Sissenwine 1980). However, inferences about
the age and growth of squids based on length
frequency analyses must be regarded with cau-
tion unless they are accompanied by supplemen-
tary age data (Caddy 1991) because (i) squid
growth rates exhibit high variability and can vary
with season, food availability, temperature, and
population density; (i) squid populations can bhe
composed of several broods or micrecohorts that
have different growth and survival rates; (ili) if
separate microcohorts enter the sampled popula-
-tion at successive times, modal analysis of length
frequency data sampled from a mixture of
microcohorts will not represent the true growth
rate. Research on the age and growth of several
species of squid based on counts of daily statolith
growth increments (e.g., Lipinski 1978; Spratt

1979; Dawe et al. 1985; Lipinski 1986: Yang et
al. 1986; Jackson 1990; Rodhouse and Hatfield
1990; Jereb et al. 1991; Jackson and Choat
1992; Jackson et al. 1993} indicates that sta-
telith aging is useful technique. Recent research
on the age and growth of Illex based on counts of
daily statolith growth increments indicate a
lifespan of less than 300 days (Dawe et al. 1985;
Dawe and Beck 1992; see Figure G}, therefore
this assessment adopts the working hypothesis
that [llex illecebrosus is an annual, semelparous
species.

DESCRIPTION OF THE FISHERY

Domestic landings of [llexbegan in the 1800s
as a bait fishery. From 1928 to 1967, annual
squid landings from Maine to North Carolina
(including Loligo pealel) averaged about 2000
mt. A directed foreign fishery for lllex developed
in 1972 off the northeast coast of the United
States and continued through 1982. During
this 11 year period, total annual Illex landings
(Cape Hatteras to the Gulf of Maine) averaged
19,250 mt, with the foreign fishery accounting
for 95% of the total (Table G1; Figure G2).
Since 1983, annual landings have ranged be-
tween 2000 and 17,800 mt, and have averaged
9400 mt. Foreign landings in 1983-1986 repre-
sent landings in the U.S. joint venture fishery,
which ended in 1987.

Within the total stock area of [llex (NAFO
Subareas 2-8), landings peaked in 1979 at
180,000 mt but have since been very much
lower, ranging between 2800 and 22,200 mt
during 1983-1991 (Figure G2).

In 1992, U.S. Ilex landings (416 trips) to-
taled a record-high 17.827 mt with an exvessel
value of $9.7 million and an average price of
$0.54 per kg ($0.25 per Ib). Nearly two-thirds of
the 1992 harvest (11,207 mt; 63%) was taken
from one statistical area (SA 622); three statisti-
cal areas (SA 622, 626, and 632) accounted for
96% of the total landings (Table G2). Tempo-
rally, 94% of the 1992 landings were taken
during June through October. _

Virtually all the 1992 landings (99.9%) were
taken with bottom otter trawl gear (356 irips).
Other gear (shrimp trawls, paired trawls, and
sea scallop dredges) accounted for less than
0.1% of the landings (60 trips).

! For brevity, Illex illecebrosus is subsequently referred to as Illex wherever possible.
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Figure G1. Linear regressions of Illex illecebrosus
dorsal mantle length on age, by sex, with
resulis of analysis of covariance for effect
of sex, for all short-finned squid aged in
Dawe and Beck {1992}

Based on provisional January-September
1993 landings data, total Illex landings for the
U.S from Cape Hatteras to the Gulf of Maine in
1993 are projected to be 14,800 mt, about 17%
lower than in 1992.

Illex are managed by the Mid-Atlantic Fishery
Management Council under provisions of the
Atlantic Mackerel, Squid, and Butterfish Fish-
ery Management Plan. In 1992, the maximum
optimum yield, the allowable biological catch,
and the domestic allowable harvest were each
specified as 30,000 mt (MAFMC 1991). Identi-
cal specifications pertain in 1993 and 1994
(MAFMC 1992).

DATA SOURCES

Commercial U.S. landings data from 1989
through 1992 were derived from the NEMFIS
data base and general canvas sources. Landings
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Figure G2. llex illecebrosus landings (metric tons),
1963-1992. ICNAF squid landings not
reported by species prior to 1873. NAFO
landings for 1989-91 are provisional.

data for 1963-1988 were provided in the Report
of the 10th SAW (NEFSC 1990). Effort data used
in the analysis of domestic LPUE from 1982 to
1992 were extracted from the NEMFIS database,
Landings data from NAFO Subareas 2, 3, and 4
during 1973-1988 were obtained from ICNAF
and NAFO Statistical Bulletins.

Numbers of Illex landed by the commercial
fishery during 1982 - 1992 (Table G3) were esti-
mated using NEFSC commercial size frequency
sampling data.

A multiplicative GLM meodel {Gavaris 1980)
was used to standardize fishing effort during
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Table G1. Short-finned squid (Illex illecebrosus) landings {metric tons) from Cape Hatteras to the Gulf of Maine
during 1963 to 1993, and Jllex landings from NAFO Subareas 2, 3, and 4, inclusive, during 1973
to 199112
Year Cape Hatteras to the Gulf of Maine NAFO Areas All Areas
2-4

Domestic Foreign Subtotal Subtotal Total
1963 810 0 810 -1 810
1964 358 2 360 -t 360
1965 444 78 522 -t 522
1966 452 118 570 -t 570
1967 707 285 902 -1 992
1968 678 2,593 3.271 -1 3,271
1969 562 975 1,637 -1 1,537
1970 408 2,418 2,826 -4 2,826
1971 455 159 614 -t 614
1972 472 17,169 17,641 -1 17.641
1973 530 18,625 19,155 641 19,796
1974 148 20,480 20,628 283 20,911
1975 107 17,819 17,926 17,696 35,622
1976 229 24,707 24,936 41,767 66,703 .
1977 1,024 23,771 24,795 83,480 108,275
1978 385 17,310 17,695 94,064 111,759
1979 1,780 15,742 17,522 162,092 179.614
1980 349 17,529 17,878 69,606 87.484
1981 631 14,723 15,354 32,862 48,216
1982 5,902 12,350 18,252 12,908 31,160
1983 9,944 1,776 11,720 421 12,141
1984 9,547 676 10,223 715 10,938
1985 4,997 1,053 6,050 673 6,723
1986 5176 250 5,422 111 5,633
1987 10,260 0 10,260 1,694 11,954
1988 1,966 1 1,967 846 2.813
1989 6,801 0 6,801 6,537 13,338
1990 11,316 0 11,316 10,867 22,183
1991 11,908 0 11,908 3,838 15,7486
1992 17,827 0 17,827 -2 17,827
19932 14,800
Average
1963-92 3,540 7,020 10,560 -1 28,597
1973-82 1,109 18,306 19.414 51,540 70,954
1983-89 6,956 537 7,493 1,671 9,064
1990-92 13,691 8] 13.691 7.3532 18,592

! ICNAF squid landings were not reported by species before 1973
* Provisional [llex landings from NAFO Subareas 2,3, and 4 in 1992 are not yet available

? Predicted

1982-1992 in the U.S. otter trawl fishery for Illex
(Brodziak MS 1993). The GLM had the same form
as that used in the last llex assessment (NEFSC
1992}); ie., a main effects model was employed
with yvear, tonnage class, and area used as factors
to standardize fishing effort (R? = 0.75) [Table G4}.
In addition to calculating standardized effort,

standardized LPUE (ratio of landings to stan-
dardized effort) and a standardized abundance
index fratio of annual LPUE to LPUE in 1982)
were also computed.

Research survey indices of relative llex abun-
dance were derived from NEFSC spring {1968-
1993} and autumn (1967-1992) bottom trawl



Table G2.

Mex squid landings in 1992, by area and month

Sep Oct Nov

Degc Total

Area Jan Feb Mar Apr May Jun Jul Aug %o
513 0.3 - - - - - 0.1 - - 0.1 0.1 - 0.7 <1%
514 - - - - - - - - - - 0.8 - 0.8 <1%
522 - - - _, - - . 0.2 - - - < 0.2 <1%
526 - 0.2 4.8 23.7 - - - - - - - : 28.7 <1%
537 - - - 16.3 10.6 49.9 - 3.2 11.4 0.7 0.3 3.7 96.0 1%
612 - - - - - 1.5 - - - - - - 1.5 <1%
613 0.9 - - - - - - - - 0.6 - - 1.6 <1%
614 - - - - - - - 0.1 - - - - 0.1 <1%
615 1.2 0.7 - - - - - - - - - 2.1 3.9 <1%
616 0.1 12.1 10.9 0.6 - 447.3 - - - - 132.0 27.0 630.0 4%
621 0.1 - - - - - - 0.1 - - - - 0.2 <1%
622 2.1 - 13.0 45.5 696.8 34334 2560.6 2025.0 1365.1 1047.7 6.9 11.0 11207.0 63%
623 - - 0.9 - - - - - - - - : 0.9 <1%
626 - 0.8 0.1 0.3 - - 1409.0 2382.9 227.8 69.3 - — 4090.1 23%
632 - - - - - - - - 8121 907.1 46.1 : 1765.3 10%
Total 4.8 13.7 29.7 86.3 707.3 3932.1 3969.7 4411.6 2416.4 20254 186.2 43.8 17827.0

% <1% <1% <1% <1% 4% 22% 22% 25% 14% 11% 1% <1%

Avg % _

1988-92 <1% <1% <19%. <1% 1% 11% 25% 31% 249% 7% 1% <1;-%

Avg % _ :

1982-92 <1% <1% <1% <1% 4% 16% 27% 26% 22% 5% <1% <1%

11 abed



Table G3. Total numbers of lllex {llecebrosus landed
(millions) from Cape Hatteras to the Gulf
of Maine during 1982 to 1992,
Year Mean Total Number of
Weight Landings  Illex Landed
{g) (mt) (millions)
1982 154 18,252 118.6
1983 130 11,720 90.2
1984 128 10,223 79.8
1985 130 6,050 46.4
1986 110 5,422 419.4
1987 132 10,260 77.4
1988 139 1,967 14.1
1989 126 6,802 54.0
1990 126 11,316 89.7
1991 140 11,929 85.2
1992 128 17,827 139.7
Average
10,1861 77.4

1982-92 131

surveys conducted in the Mid-Atlantic through
Georges Bank regions [offshore strata 1-23, 25,
and 67-76] (Tables G5 and G6).

ASSESSMENT RESULTS

Relative Abundance

Standardized fishing effort for [ilex increased
" sharply in 1992 to a record-high level (Table G4).
Although large interannual changes in Illex effort
are not uncommen, effort has trended upward
since 1988 (Figure G3). The LPUE and standard-
ized abundance indices were highest during 1987-
1989, The LPUE values in 1991 and 1992 were
about 30% lower than the peak values, but near
the time series average.

NEFSC research survey indices indicate a
cyclical pattern in Iflex abundance over the past
25 years (Tables G5 and G6). Periods of low
indices (1967-1974 and 1982-1986) have been
followed by periods of very high abundance indi-
ces [1975-1981 and 1988-1990). The most re-
cent indices (spring 1992-1993; autumn 1991-
1992), however, are neither high nor low, but
about near the long-term average. Such periods
of intermediate [llex abundance have not previ-
ously been observed in the surveys (Figure G4).

The spring indices do not exhibit the high/
low abundance pattern of the fall indices. The
lack of concordance between the spring and fail
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Table G4. Standardized [fishing effort and
standardized landings-per-unit of effort
(LPUE) for the U.S. otter trawl fishery for
short-finned squid (Ilex illecebrosus),
1982 - 1992

Year Domestic Standardized Standardized

LPUE! Fishing Effort* Abundance
{mt/day fished) (days fished) Index?

1982 22.9 153(258) 1.00

1983 20.5 69(485) 0.90

1984 45.5 72(210) 1.99

1985 200 58(250) 0.87

1986 37.0 116(140) 1.62

1987 54.3 119(189) 2,37

1988 52.9 37 2.31

1989 60.4 113 2.64

1990 29.4 385 1.28

1991 43.7 - 272 1.91

1992 33.9 526 1.48

Average

1982-92 38.2 175 (260}

! For irips used in the general linear model, the ratio of total
landings (mt) to standardized fishing effort.

2 Effort for 1982-1987 (in parentheses) has been prorated to
account for U.5. joint venture landings.

3 Ratio of annual LPUE to LPUE in 1982,

indices is likely due to the low availability of the
stock to the spring survey,

Absolute Abundance

Minimum stock size estimates (numbers and
biomass) of Hlex in the Cape Hatteras-Gulf of
Maine region were derived by areal expansion of
NEFSC autumn bottom trawl survey indices,
1967-1992 (Table G7). For 1967-1992, indices
based on all offshore survey strata in the Cape
Hatteras-Gulf of Maine region were used (off-
shore strata 1-30, 33-40 and 61-76). During
1982-1992, inshore survey strata (1-55) were
also included in caleulating the indices; compa-
rable inshore data for 1967-1981 were not avail-
able. However, inshore strata contribute less
than 0.2% to the estimated population size of
[llex in any year.

Since the area-swept estimates are based on the
survey indices, temporal patterns of abundance
are the same. However, in years in which au-
tumn survey abundance indices are low (1967-
1974; 1982-1986}, the minimuum biomass esti-
mates are in almost all cases less than the
landings. This suggests that further work is
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Table G5, Stratified mean catch per tow in numbers
and weight (kg) of Ilex illecebrosus in
NEFSC spring bottom trawl surveys, Cape
Hatteras to Georges Bank (Strata 1-
23, 25, and 61-76), 1968 - 1993, Mean
number per tow indices are presented for
all sizes of llex, for prerecruits {< 10 em),

and for recruits {> 10 em).

Table G6. Stratified mean catch per tow in numbers
and weight (kg) of Illex illecebrosus in
NEFSC aulumn hottom trawl surveys,
Cape Hatteras to Georges Bank (Strata 1-
23, 25, and 61-76), 1967 - 1992, Mean
number per tow indices are presented for
all sizes of Illex, for prerecruits (< 10 cm),

and for recruits (> 10 cm).

I Coefficient of variation for the all sizes index.

Year All Sizes (CVY) Pre- Recruit Kg/Tow Year All Sizes (CV') Pre- Recruit Kg/Tow
recruit recruit

1968 0.21..(49%) 0.00 .. . 0.21. . .0.02. 1987 2.1 {2154) 0.1 -2 o N
1969 2.60 (50%) 2.30 0.30 0.04 1968 2.3 (24%) 0.2 2.1 0.4
1970 0.88 (42%) 0.24 0.64 0.04 1969 0.8 (28%) 0.1 0.7 0.1
1971 0.10 (37%) 0.01 0.09 0.01 1870 3.4 (29%) 1.5 1.9 0.3
1972 0.03 (39%) 0.01 0.03 0.01 1971 1.9 (10%) 0.3 1.6 0.4
1973 0.05 (52%) 0.00 0.05 0.01 1972 3.5 (29%) 1.1 2.4 0.4
1974 1.16 (389%) 0.10 1.05 0.07 1973 1.3 (19%) 0.1 1.2 0.2
1975 0.27 (33%) 0.13 0.14 0.02 1974 3.0 (b5%) 1.8 1.2 0.2
1976 0.35 (249%) 0.01 0.34 0.03 1975 12.4 (53%} 6.2 6.2 1.1
1977 0.32 {18%) 0.20 0.12 0.02 1976 30.9 (27%)}) 0.6 30.3 10.0
1978 1.35 {47%) 0.02 1.32 0.07 1977 15.8 (21%) 1.1 14.7 4.7
1979 0.93 (25%) 0.16 0.78 0.08 1978 29.4 (229%) 5.1 24.3 6.3
1980 0.63 (22%]) 0.22 0.42 0.04 1979 32.8 {16%) 2.6 30.2 9.0
1981 1.74 (31%) 0.09 1.65 0.10 1980 17.1 (19%) 0.7 16.5 3.6
1982 1.22 (24%) 0.02 1.20 0.08 1981 61.9 {41%) 0.4 61.5 20.0
1983 0.11 (28%) 0.02 0.09 0.01 1982 4.6 {15%)} 1.1 3.5 0.6
1984 0.40 (70%) 0.35 0.05 0.01 1983 2.8 (15%)} 0.2 2.6 0.3
1985 1.47 (77%j) 1.25 0.22 0.04 1984 6.4 (18%) 0.4 5.9 0.7
1986 0.35 (68%) 0.29 0.08 0.01 1985 2.0 (13%) 0.3 1.6 0.2
1987 0.50 (41%) 0.28 0.22 0.02 1986 3.2 (18%) 0.5 2.7 0.3
11988 0.20 {43%) 0.10 0.11 0.01 - 1987 30.0 (4299) 1.3 28.7 2.7
1989 0.47 (31%) 0.01 0.47 0.05 1988 24.0 (17%). 0.7 23.3 2.9
1990 0.64 (36%}) 0.04 0.60 0.03 1989 22.2 (27%)] 1.9 20.3 2.3
1991 1.92 (41%) 0.43 1.49 0.08 1990 24.5 (10%) 1.2 23.3 2.9
1992 0.88 (31%) 0.17 0.71 0.03 1991 8.6 (15%) 0.4 8.2 1.0
1993 0.60 (22%) 0.02 0.58 0.04 1992 12.3 (15%) 3.3 8.0 1.1
Average Average

1968-92 0.75 (40%) 0.26 0.49 0.04 1967-91 13.9 (24%)} 1.2 12.7 2.8

U Coefficient of variation for the all sizes index.

needed to evaluate the catchability and availabil-
ity of Illex to the survey gear, and whether the
areas surveyed for lllex are appropriate. Further-
more, since fllexis an annual species with a rapid
growth rate, standing stock estimates should be
adjusted to account for body-weight growth.

OVERFISHING DEFINITION

Overfishing for fllex is defined to occur when
the three-year moving average of prerecruits from
the NEFSC autumn bottom trawl survey is below
the first quartile of this series. For the purpose of
applying the overfishing definition in 1992, 1993,
and 1994, the lowest quartile of values consists

of the seven lowest prerecruit indices {Table G6);
the three-year moving average of the prerecruit
series must be less than the largest index in this
quartile for overfishing to occur. Given the high
1992 autumn prerecruit index (3.3; third-high-
est in the survey time series), the three-year
moving prerecruit average in 1992 was 1.6. If the
1993 and 1994 prerecruit indices are both O, the
corresponding three-year moving averages would
be 1.2 and 1.1, respectively (Table G8). The
largest prerecruit index in the lower quartile of
values during 1992, 1993, and 1994 would cor-
respond to 0.3, 0.3, and 0.2. Thus, according to
the overfishing definition, Illex were not over-
fished in 1992, and will not be overfished in 1993
and 1994.
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Figure G3. Annual standardized fishing effort and LPUE for [llex illecebrosus fishery, 1982-1992,

YIELD AND SPAWNING STOCK
BIOMASS

No new information is available on yield per
recruit or spawning stock biomass per recruit for
Hlex. However, previous calculations (e.g., Lange
and Sissenwine 1980) were based on a two-year,
crossover life cycle. Illex is now considered to be
an annual species and thus re-evaluation of life
histery dynamics, biological reference points,
and MSY is clearly warranted. Because of the
transhoundary distribution of Illex, these analy-
ses need to be done in collaboration with Cana-
dian scientists.

DISCUSSION

Both commercial LPUE and research survey
indices indicate that Mlex abundance was low in

the mid-1980s, high during 1987-1989, and is
presently at an intermediate level. The low abun-
dance of [llex during the mid-1980s may have
been the result of intensive fishing pressure
between 1977 and 1980 when annual landings
from the stock (NAFO Areas 2-6) averaged over
120,000 mt (Table G1l). Subsequently {(until
1987}, landings in NAFO Subareas 2-4 and re-
search survey indices of abundance markedly
declined.

Domestic landings of Iliex were a record-high
in 1992 {17,800 mt) and are projected to be
14,800 mt in 1993, the second-highest U.S.
landings level, However, fishing effort markedly
increased in 1992 (nearly double that in 1991)
while cominercial LPUE declined. Since recent
survey indices indicate a medium level of stock
abundance, annual domestic landings above the
1990-1992 average (13,700 mt) are probably not
sustainable during the next several years.

Illex recruitment to fishery areas within the
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Figure G4. Stratified mean number and weight per tow of fllex illecebrosus fom the NEFSC bottom trawl survey,

1967-1992.

U.S. EEZ appears to be episodic, altermating
between high and low states. This may reflect the
influence of environmental factors or, alterna-
tively, overcompensation. Given this variability,
landings projections are difficult to make and are
imprecise,

SOURCES OF UNDERTAINTY

A substantial proportion of the Illex stock is
probably distributed outside NEFSC survey ar-
eas in most years. To the extent this proportion
varies, changes in abundance are difficult to
separate shifts in availability to the survey. Since
area-swept estimates are based on expansion to
the survey area rather than the entire stock area,
the estimates are expected to underestimate bic-
mass.

Availability of [llex to the commercial fishery
and to the research survey may vary substan-
tially in respense to environmental conditions
and predation pressure. Because the U.S. EEZ
lies near the edge of IHlex distribution in the
Northwest Atlantic, the response of the stock to
localized fishing patterns may be difficult to
discern from variability in recruitment and mi-
gration patterns to inshore areas.

RESEARCH RECOMMENDATIONS

1 Present studies on the life history dynamics
of llex need to be examined so that new assess-
ment analyses - incorporating annual life history
parameters - can be conducted. Biological refer-
ence points and MSY will need to be recalculated
based on this new information.

MEAN WEIGHT PER TOW (KG)
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Table G7. Area-swept estimates of minimum biomass (metric tons) and minimum population size (millions of

animals) of lllex squid between Cape Hatteras and the Gulf of Maine, derived from NEFSC fall bottom
trawl surveys, 1967-1992.

Year Minimum Standard Minimum Standard
Biomass Deviation Population Deviation
Size
1967 1542 (270) 10.3 (2.0
1968 2141 (357) 11.0 (2.4)
1969 493 (129) 4.0 (1.0)
1970 1798 (271) 16.4 (4.2)
1971 2343 (362} 11.4 {1.3)
1972 2106 (334} 17.1 (4.4)
1973 2328 (600) 9.6 (2.3)
1974 2917 (1179} 20.4 8.3
1975 9686 (1569} 67.8 28.7)
1976 48453 (10751) 151.3 (34.2)
1977 24110 (5029} 81.3 (15.9)
1878 29496 (7385} 134.4 (26.5)
1979 48112 (6393) 165.3 (23.0)
1980 21703 {4100) 90.8 (14.9)
1981 74503 (29610) 236.6 (81.6)
1982 3780 {430) 24.2 3.1
1983 1525 {188) 11.2 1.7
1984 3483 (640) 30.4 (5.1)
1985 2107 {377) 14.2 (1.9)
1986 1799 (284) 15.3 (2.3)
1987 11729 (4371) 127.1 (50.9)
1988 23153 (8444) 195.0 (80.6)
1989 12450 (2936) 109.6 (25.8)
1990 17936 (1543) 131.9 (12.0)
1991 5400 (682) 43.6 (5.8)
19392 5259 (599) 53.5 (7.3}
Average 13860 (3417) 68.6 (17.2)

e Given that [llex is an annual species, new @ Relationships between lilex distribution/re-

approaches to the assessment and manage-
ment of the stock will be required. A more
adaptive, real-time assessment/management
system will be needed to attain full exploita-
tion of the stock while, at the same time,

production and environmental factors (i.e.,
sea surface temperature) should be investi-
gated. The use of remote sensing data may be
helpful in this work.

ensuring that adequate levels of spawning e Alternative definitions of overfishing for lllex,
stock are achieved (Rosenberg et al. 1990). possibly based on a minimum biomass thresh-
Examples of the types of assessment and old or a minimum proportional escapement
management procedures that have proved level, should be investigated. Future assess-
successful for short-lived species are pro- ment research should investigate stock-re-
vided in the 1993 report of the ICES Working cruitment relationships for Illex. The calcu-
Group on Methods of Fish Stock Assessment lation of risk-averse levels of spawning es-
{ICES 1993). capement should also be possible when more
qguantitative information on the age and
Collection of lllexmaturity data during NEFSC growth, maturation, and timing of spawning
bottomn trawl surveys should be initiated in for Illex becomes available.
order to determine seasonal maturation rates, '
and to quantify the spatial/temporal pat- e Jllex is a transboundary stock between the

terns in spawning activity.

U.S. and Canada. A joint assessment ap-
proach, involving US and Canadian scien-
tists, is strongly recommended.
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Table G8& Three-year moving average of the Illex
illecebrosus pre-recruit number per tow
index from the NEFSC fall bottom trawl

survey, 1969-1992

Year Average' Prerecruit
Number per Tow
1969 0.1
1970 0.6
1971 0.6
1972 0.9
1973 . . e OB
1974 1.0
1975 2.7
1976 2.9
1977 2.7
1978 2.3
1979 2.9
1980 2.8
1981 1.2
1982 0.7
1983 0.6
1984 0.6
1985 0.3
1986 0.4
1987 0.7
1988 0.8
1989 1.3
1990 1.3
1991 1.2
1992 1.6
19932 1.3

! Average of prerecruit index in years T, T-1, and T-2, where
T is the current year.
2 Provisional

- @ Until further analyses based on an annual life
cycle have been completed, revisions to the
Iliex assessment will not be significant.
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ASSESSMENT METHODS SUBCOMMITTEE
TERMS OF REFERENCE

Candidate terms of reference for the Assess-
ment Methods Subcomnmittee were tabled at SARC
16 in June 1993 (16th SAW SARC Report pages
113 - 114). Due to lack of time, however, these
terms of reference were not discussed during the
SARC 16 meeting. The SARC reviewed the terms
of reference during this meeting, established
priorities, and discussed several general issues
regarding assessment methods software devel-
opment and support.

The role of the Assessment Methods Sub-
committee within the overall SARC process was
reviewed, ie.:

(1) to address the practical methodological
and statistical problems encountered by
the species oriented subcommittees in
the course of carrying out their respective
assessments:

(2) tosuggestalternative procedures or meth-
ods to address these problems;

{3) to evaluate new assessment methods (e.g.
methods developed elsewhere) and make
recommendations regarding their usage
in SAW/SARC assessments; and

{(4) to develop new assessment methods, as
needed, to address recurring problems or
to improve the quality and precision of
SAW/SARC assessments.

The terms of reference for the Assessment
Methods Subcommittee should be closely tied to
the ongoing work within the species oriented
subcommittees. Members of the Methods Sub-
committee also serve as members of one of the
species oriented subcommittees, and will partici-
pate fully in the ongoing assessment work. Out-
side experts should be invited to participate in
the Methods Subcommittee meetings.

The candidate terms of reference evolved from
three sources:

(1) Suggestions tabled during the SARC 16
Meeting {June 1993).

(2} Items that by implication must be exam-
ined to address the above issues.

(3} Suggestions that arose during SARC 15
and earlier meetings.

The SARC noted that there are several con-
straints governing the number and scope of the
terms of reference that can be undertaken at a
single meeting of the Methods Subcommittee, i.e.

(a) Subcommittee Meeting duration limited
to 5 days or so.

(b) Intensive computing work needed to ad-
dress most issues.

Much of it will need to be done during the
Subcommittee meeting.

(c) Assimilation of results, report writing,
ete. during meeting.

{d) Background and interests of Subcommit-
tee members.

The candidate terms of reference are summa-
rized below and include, in parentheses, the
specific concerns of the SARC at this time.

(1) Potential biases in SARC assessment re-
sults {including, among other things, in-
vestigation of implications of uncertainty
in the catch at age matrix)

{2) Methods for medium-term stochastic pro-
jections  ***

(3) Multiple indices of abundance within the
DeLury model ***

{4) CPUE-hased indices of abundance for
VPA tuning *** (including, among other
things, methods of construction of fish-
ery dependent indices of abundance)

{5) Calibration of recruitment indices

(8) Effects of outliers in.survey data (includ-
ing, among other things, methods of con-
struction of resource survey indices of
abundance)
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{7) Sensitivity of ADAPT results to multiple
indices ***

{8) Extending the time series of stock-re-
cruitment data

(9) ADAPT tutorial ***

The items labeled with asterisks were identified
as priority items by the SAW Steering Committee
atits August 1993 meeting. Additionally, Item {9)
- was added-to-the-original-list of candidate-terms
of reference by the Steering Committee.

Item (9), the ADAPT tutorial, was discussed at
length by the SARC. Given its central role in all
of the age-structured assessments carried out in
the Region, the SARC agreed that an ADAPT
tutorial should be held, perhaps as early as
February 1994. However, given that few of the
current Methods Subcominittee members have
expertise with the ADAPT framework, the SARC
does not feel that an ADAPT tutorial would be a
productive term of reference for the Subcommit-
tee as a whole. The SARC recommends that the
Center take on this responsibility instead, thereby
aliowing the Methods Subcommittee to take on
other pressing items from the candidate terms of
reference list.

Ideally, an ADAPT tutorial should cover:

{a) Background and history
(b) Data requirements for its use

{c) Description of the methodology and as-
sumptions

{d) Use of model diagnostics in designing the
appropriate ADAPT formulation

{e) Interpretation of the output

{f} Hands-on usage of user-friendly ADAPT
software

An ADAPT tutorial, covering items (a) through
(e), above, should be held two days in the near
future. Dr. Steve Murawski was requested to
lock into the interest of potential participants
and to set a date for the tutorial. However, user-
friendly ADAPT software is not available within
the Center, and given the complexity of the
ADAPT framework, will take considerable time
and resources to develop. The SARC recom-
mends that the Center develop user-friendly
ADAPT software, as well as appropriate software

for all other assessment methods regularly used
for within the Region, and that Item (f}, above, be
covered in a follow-up tutorial after the user-
friendly software has been written. Further, the
Methods Subcommittee should contribute to this
effort by formulating detailed design specifica-
tions for ADAPT and other methods software.
These specifications should emphasize user-
friendliness and maintainability using state-of-
the-art, modular programming techniques.
With regard to the other candidate terms of

~reference, above; the SARC-agreed-that-Items-{1}-

and (2) should be given the highest priority. Bias
considerations (including retrospective analysis)
should be included routinely in all assessments
presented to the SARC (ltem 1). Often this is not
done because of technical and software problems
that could be addressed productively by the
Methods Subcommittee. Similarly, assessments
should routinely include stochastic projections
(i.e. projections that take uncertainty into ac-
count), and advice on how best do such projec-
tions could be rendered by the Subcommittee.
The SARC agreed that candidate terms of
reference (3) and (5), are priority items, but with
less importance than terms of reference (1) and
{2). The other candidate terms of reference were
considered useful for the Subcommittee to con-
sider, but with a lower priority than those men-
tioned above. In summary, there are three prior-
ity groupings for the Methods Subcommittee:

lst Priority: Candidate terms of reference
{1}, (2), and ADAPT software
design.

2nd Priority: Candidate terms of reference
(3) and (5)

3rd Priority: Candidate terms of reference

(4), (B), {7) and {8)

The SARC felt that the Subcommittee should
meet and address the first priority candidate
terms of reference -- (1) Potential biases in SARC
assessment results and {2) Methods for medium-
term stochastic projections -- as well as ADAPT
software design, before May, 1994.

The SARC also briefly discussed whether the
Methods Subcommittee should be asked to quan-
tify the potential impact on assessment results of
the modifications in port sampling protocol that
are currently being considered within the Re-
gion. The SARC agreed that although the effects
may be important, it is premature to ask the
Subcommittee to evaluate them quantitatively
until the new protocols are in place and data are
available for analysis.
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OTHER BUSINESS

FUTURE SAWS

The Chairman reported that the SAW Steer-
ing Committee met on 21 September 1993, At
that meeting, dates were set for the two sessions
of the 18th Northeast Regional Stock Assess-
ment Workshop (SAW-18) and five species were
suggested for assessment during SAW-18. A
number of species to review at SAW-19 were also
discussed.

® SAW-18 Stock Assessment Review Commit-
tee (SARC) Meeting
20 - 24 June 1994
NEFSC, Woods Hole, MA

® BSAW-18 Plenary Meeting
In Conjunction with the NEFMC Meeting
9 August 1994
King’s Grant Inn, Danvers, MA

e Suggested agenda for SAW-18 SARC
Review analyses for mackerel, witch floun-
der, summer flounder, dogfish, and lobster

& OSAW-19
Although dates have not yet been set for the
SAW-19 sessions, species discussed for pos-
sible review at SAW-19 SARC include cod,
scallops, white hake, scup, and black sea
bass; and possibly shad, and river herring.

In discussion of this information at the SARC
meeting, it was indicated that there would not be
much new material to present on lobster at the
time of SAW-18 and members suggested that the
lobster be replaced by scallop. Because there
was not enough timne at the SAW-17 SARC meet-
ing to review Georges Bank cod and Georges
Bank yellowtail flounder (second priority), cod
(two stocks) and yellowtail flounder (two stocks),
as well as haddock and white hake (suggested to
be more important to review at this time than
cod), be considered for the SAW-19. As it is
becoming obvious that the SARC can comfort-
ably manage to review anly five species/stocks at
a week long meeting, an optimum group of spe-
cies was identified to include cod [two stocks),
yellowtail flounder {two stocks), and haddock.

It was suggested to hold the SAW-17 Plenary
meetings during two days, beginning in the after-
noon of the first day.

The question of meeting dates for SARC meet-
ings in general was debated. Although SARC
meetings are slipping too far into the spring and
fall seasons, considering the responsibilities of
people concerned, June and November were cur-
rently determined to be the best months for the
SARC to meet after all. This may not be changed
in the near future. The best week in Novemnber
remains to be the week after Thanksgiving. One
suggestion was to hold meetings from Tuesday to
the following Wednesday, taking only Sunday off.
The possibility of holding three SARC meetings a
year was also voiced, '

The Steering Committee is scheduled to meet
again on 15 February 1994 to reevaluate the
species to review vis a vis the most current
management needs, confirm the agenda for SAW-
18, and set the dates for SAW-19. The Chairman
will present the SARC’s comments and sugges-
tions at that meeting,

It was noted, with great apprehension, that
the SARC may have to revisit all the fisheries
every year in the future, as status reports will be
required to effectively monitor species under new
regulations such as those concerning ground-
fish.

CONDUCT OF THE SARC

The conduct of the SARC was discussed to
some extent at the end of the meeting. Generally
it was suggested that SARC meetings must be
more efficient and interesting in order for people
to want to participate. Specific comments by
individuals are summarized below. Please note
that these are individual comments and do not
reflect a consensus of the SARC members. The
SARC Chair, in fact, strongly disagrees with some
of these comments.

¢ Re-examine the objectives of the SARC, ie,
peer review of assessments, development of
the technical report, and development of ad-
vice,

® Separatepeerreview fromreport writing tasks.
After all, SARC's primary responsibility is to
identify the information that should go into
its reports {Consensus Summary of Assess-
ments and the Advisory Report on Stock
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Status). Reports can be edited and reviewed
by SARC members after the meeting.

® Develop a standard protocol for conducting
meetings, as the only reference to conducting
SARC meetings, available to date. is the 15th
SAW Plenary report.

e The responsibilities of the SARC, the
Rapporteurs, and SARC Leaders should be
more thoroughly described in the Chairman'’s
memo prior toeach SARC meeting,

® The Chairman’s introductory notes should
have been sent to SARC members and the
Rapporteurs prior to the meeting,

e The SARC Leader for each species/stock
should keep notes and review exactly what
changes need to be made in a report at the
end of each preseniation.

e Have one person do all the figures to assure
consistency in format, or provide more guid-
ance regarding preparation of figures.

® Subdivide the SARC for the purpose of qual-
ity control and formatting documentation,
then, assemble for the last two days to agree
on documents.

® Better frame or formulate the terms of refer-
ence. For example, there was no reference to
the silver hake juvenile fishery this time.

e Get Steering Committee approval of the terms
of reference sooner, as Subcommittees would
benefit from more lead time.

® Subcommittee drafts should more closely
resemble the sections of the SARC report.

® Subcommittees should take more lead time
to get information together to better meet
SARC reporting needs. (This time Subcom-
mittees held their meetings too close (in terms
of time) to the SARC meeting.)

e Subcommittee presentations should consist
of summaries of data and identified prob-
lems.

® Take into consideration that new analyses
and methods need more careful review, thus,
requiring more SARC time than established
ones.

® Reduce the number of species the SARC
should review at a meeting.

® The SARC meeting program should include
seminars, e.g., assessment techniques such
as an ADAPT workshop, or invited speakers
like Bill Macy whose reésearch on squid was
relevant to the Loligo assessment.

Finally, it was noted that as the current SAW
structure is quite new, it may be too soon to
say how effective it is and should go through
another cycle before it is evaluated.

REVIEW PROCESSES IN OTHER
REGIONS

Chris Annand described the assessment review
process in Canada where a more restricted group
of assessment scientists participate. Meetings
are not open and fishermen and academics do
not participate, although fishermen are consulted
prior to meetings. The most current material,
basically tables, is presented for review. One
person writes the advisory report. which the
committee reviews one week after the meeting,.
All graphs are prepared by one person, assuring
consistency in format.

Terry Smith discussed the review system in
the North Pacific where analyses on 30 to 40
species are presented to a group of assessment
sclentists. Summaries are prepared and pre-
sented on an individual basis, the chair has the
option1 to limit discussion and a draft is com-
pleted at the end of the meeting. Under this
system species get three levels of review: 1} from
a Planning Team, including hiologists and social
scientists from the states, academia, and the
fisheries centers; 2) from persons responsible for
certain species, includes state people; and, 3)
from a Teamn Consensus. The quality of assess-
ments in that region, however, is not as consis-
tent as in the Northeast.

A
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